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Introduction

Our pirogue steadily weaves its way through the Inner Niger Delta. It is late November 2008. We enjoy the croak

ing song of Great Reed Warblers. The flood has been high this year, promising waterbirds aplenty. The totals of our
count stand at 380 000 Cattle Egrets (more than ever before in the past 20 years), 55 000 African Cormorants (fully
recovered from a still puzzling dip in the population, when thousands were dying on the breeding colonies in 2004)
and 6000 Glossy Ibis (halting the long-term decline?). What better setting than this impressive floodplain in Mali in
which to proof-check a book intended to address the huge subject of Eurasian breeding birds and their relationship
with the Sahel. Mixed feelings are the order of the day: reading brings relief (it's done), but raises nagging unresolved
doubts as new subjects present themselves — should some be incorporated and should we defer the book’s comple
tion until exciting new lines of research have been followed? Mostly, relief predominates. How much data collected
over the years have been lost, simply because they remain in notebooks, unpublished? We have been fortunate in
that “we stood on the shoulders of giants” - those who did publish - first and foremost of whom was Reginald Ernest
Moreau. He published many papers on African ecology, including two books: The Bird Faunas of Africa and its Islands

(1966) and The Palaearctic-African Bird Migration Systems (1972). The latter was completed on his deathbed.



Of the more than 500 bird species breeding in Europe, some 1300
- 2600 million pairs altogether, about a quarter migrate south to
sub-Saharan Africa. These migrants spend the greater part of their
life in Africa and return north to breed. Take, for example, Euro-
pean Honey Buzzards: being present on the breeding grounds be-
tween mid-May and mid-September, or 120 days, they need 105-110
days to complete a full breeding cycle, a narrow ‘window’, with a
maximum of two weeks’ adjustment possible. This is such a tight
schedule that many refrain from breeding unless their arrival on
the breeding grounds is timely and conditions favourable. On an
annual basis, two-thirds of their time is spent on migration and in
Africa, this proportion being even greater when taking into account
the juvenile and non-breeding phases. Juveniles spend the first and
often second years of their lives in Africa; adult birds may skip one
or more breeding seasons and remain in Africa during the northern
summer. For such long-lived birds, it is easy to understand that, for
survival, Africa truly matters. However, the same applies to short-
lived passerines, many of which may make but a single trip to Af-
rica, only to die before they have a chance to fly back to the breeding
grounds and pass on their genes. The survivors have to carry home
the burdens of their African stay, effectively extending Africa’s influ-
ence into their breeding performance. For a Spotted Flycatcher, the
“endearing ultimate persona” in Moreau’s 1972 treatise, to raise two
broods in a single season after having completed a 7000 km flight,
is surely an extraordinary feat.

The Palearctic-African bird migration system draws birds from
the geographical range between 10°W (Ireland) and 164°E (Kolyma
Basin), or even further east. The long-distance migrants in this vast
region, apart from those wintering on the Indian subcontinent or in
SE Asia, pour into sub-Saharan Africa, not just scattered across the
continent, but in the main amassing in the northern savannas and
avoiding the equatorial woodlands. The savannas and woody savan-
nas of the Sahel and Sudan-Guinea zone (or what remains of it) be-
tween 8° and 18°N run the entire width of Africa from Senegambia
and Mauritania in the west to Sudan, Ethiopia and Somalia in the
east. The northern savannas are dry during the northern winter,
the last rains normally falling in September or October as the Inter-
tropical Convergence Zone retreats. From then on, conditions be-
come drier by the day, and only after most of the surviving Palearctic
birds have vacated the region in spring do the first new rains arrive.
This counterintuitive finding, that the highest densities of Palearc-
tic birds are to be found in the most desiccated vegetated region of
the northern tropics where there is little prospect of rainfall during
their stay, gave rise to Moreau’s Paradox: “How can enormous num-
bers of birds and indeed the majority of all migrant passerines and
non-passerines (other than raptors and water-birds) support them-
selves and put on migratory fat they need for the spring journey, on
a food supply that prima facie they and the native birds have been
eating down with little or no replenishment for some six months?”
(Moreau 1972). Gérard Morel (1973), who was intimately familiar
with Sahelian conditions in the lower Senegal Valley, answered

that question: the paradox is an apparent paradox. What to the ob-
server appears superficially as poor and desiccated habitat, is actu-
ally a complex Acacia- and Balanites-dominated ecosystem, where
seasonal variations in leafing, flowering and fruiting of trees and
shrubs provide food and shelter for insects and birds throughout
the northern winter. This beneficence occurs even when the once-a-
year production of grass, seeds and invertebrates dwindles after the
rains.

It may come as a surprise that in a region so close to the Sahara,
there are four huge Sahelian wetlands, i.e. the Senegal Delta, the In-
ner Niger Delta, Lake Chad and the Sudd. In his 1972 review, Moreau
hinted that these wetlands played a pivotal role in the lives of mil-
lions of Palearctic birds, but he could substantiate that only for the
Senegal Delta. We hope our book will reveal the Inner Niger Delta in
its full glory as the recipient of millions of Palearctic migrants. Lake
Chad and the Waza Logone have also received much attention in the
past decade or so, but our knowledge for that region is still incom-
plete. In Moreau’s time, the Sudd was a complete void in terms of
knowledge, and little has changed.

In the early genesis of the book, we felt that our data needed a
broader perspective than just bird studies in the Sahel. Coupling the
vicissitudes of Eurasian birds with sub-Saharan conditions demand-
ed the inclusion of ring recovery data, especially because we could
outline migratory connectivity (the tendency with which individu-
als of a given breeding area migrate to the same wintering area) and
‘winter’ mortality. By ‘winter’, we mean the northern hemisphere
winter season, very much a European-centred view, although many
migrants spend much of the non-breeding season in the southern
hemisphere summer. We used a selection of ring recoveries made
available to us by EURING, the co-ordinating organisation for Euro-
pean bird-ringing schemes (hosted by the British Trust for Ornithol-
ogy), our selection embracing recoveries in Africa below 20°N and
species for which sufficient material was available.

Our main focus has been the ecology of Palearctic birds in the
Sahel. Life and death here are closely linked to rainfall and river dis-
charges. Good rains spell high river flows, large floods in the inunda-
tion zones, high productivity, green vegetation and an abundance of
insects and seeds, providing the wherewithal for survival in a harsh
environment. However, rainfall is unpredictable in the region. Peri-
ods of abundant rains alternate with droughts, whose frequency and
duration have increased since 1969. For decades now, rainfall in the
Sahel has been below the long-term average of the 20™ century. The
resounding adverse impact of this apparent regime shift on birds
has been reinforced by a suite of man-made changes in the Sahel.
We have endeavoured to clarify the extent to which Sahelian con-
ditions affect Palearctic bird populations and to relate that to the
generally negative changes in conditions on the breeding grownds.
Our endeavour is centred within the Sahel, but we felt free to expand
our interest into Africa as a whole when relevance demanded. To
mention only the Sahel in the context of migrant birds’ life-cycles
without bringing the Sudan and Guinea zones and the Sahara into
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the argument would be to omit the existence of an immensely in-
tricate and interrelated ecosystem. Birds are wonderful creatures,
governed by a mixture of evolutionary legacies and local conditions,
yet many are highly adaptable. We feel priviliged to have observed
‘our’ birds in their African homes. Watching birds is a pleasure in
itself, but doing so in Africa brings joy beyond measure.

Acknowledgements

This book is a synthesis of the multifarious data collected over dec-
ades of hard-core fieldwork from Asia, Europe and Africa. Thou-
sands of people have been involved. Each data point in the graphs
represents untold hours in the field and behind the desk. Each
graph is a stylised commemoration of hardship and joy. Many of
the people involved appear in the list of references, others are men-
tioned in the text, but the majority belong to the innumerable un-
recorded helpers and volunteers out there. We have no doubt that
they, as we did, applied the Hamerstrom Rule of Thirds: spend one

Ihe Palaearctic-African
Bird Migration Systems

We regard Reg Moreau as the forefather of African bird ecology. Lacking scientific training, Moreau nevertheless made hugely important contribu-

tions to several fields of ornithology, all from a relatively late start at 23 years of age when he went, partly for health reasons, to Cairo. In his words,
he was, “about as ignorant and unformed as | had been half-a-dozen years before”, but this state changed rapidly. In 1966, David Lack suggested that
Moreau should compile an autobiographical sketch (Moreau et al. 1970). In it, Moreau downplays his own role in African ornithology by suggest-

ing that 'l just happened to be in the right place at the right time’, not once but several times. For an “Opsimath as | am proud to reckon myself”, his
achievements are remarkable. Although some of his ideas have since been refuted, others have stood the test of time. Much research, including our
own, over the intervening decades pays tribute to the ideas aired in The Palaearctic-African Bird Migration Systems.“No bum swan-song”, indeed.
(Photo by courtesy of: The Alexander Library, Oxford University, Library Services).

Living on the edge



third of your time on mostly worthless red tape, one third on what
is wanted of you, and one third on what you please (Hamerstrom
1994). This is not a formula of the lazy, but rather one that applies to

Male Montagu’s Harrier (above), Little Egrets near fish nets (below)

those of dedicated application and meticulous attention to detail;
relaxation is necessary for sanity! During our quest we did indeed
encounter an amazing number of people who had that splendid
character. We are indebted to them all.

The original plan for this book was envisaged in Maliin April 2002.
As is usually the case, the best ideas are born when unburdened by
everyday routine. As we were discussing the prospects of survival of
European birds in Africa and the knock-on effect on breeding bird
populations, we came to the realisation, in agreement with Vincent
van den Berk, that a review was badly needed. It took much longer
for him to convince us that we should undertake the task! Much as a
skilled angler pits his wits against the fish, he put down the ground-
bait first: think of the opportunity this presents of continuing your
field work across West Africa for another couple of years! The hook
of course was the proposal that we should write the book concomi-
tantly.

The result is a book that has built on the work of others, and com-
prises the field studies we have undertaken mostly in West Africa
but also elsewhere on the continent, between 1982 and early 2009.
These studies began as low-budget affairs, partly financed by the
participants themselves, but have since developed into larger-scale
projects encompassing Mali, Mauritania, Senegal, The Gambia and
Guinea-Bissau. Paid, underpaid or unpaid, the passion remained
the same.

The help of Wetlands International in Senegal, Mali, Bissau and
The Netherlands, DNCN (Mali), RWS-RIZA (The Netherlands, till
2004), Alterra (The Netherlands, till 2002) and Altenburg & Wymen-
ga ecological consultants (The Netherlands) paved much of our way
in West Africa. In Mali, the help and company of Bakary Kone, Bou-
ba Fofana, Mori Diallo and Sine Konta (Wetlands International, Se-
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African Swallow-tailed Kite. Its gracful flight is a wonder to behold.

vare) was much appreciated; their knowledge of the people, plants
and wildlife along the Niger and in the Inundation Zone put us in
good stead during our surveys. Willem van Manen was a great com-
panion during the bird density counts and other escapades, during
which we indulged in our shared passion for raptors. We made the
most of his two field stints by using his tree climbing prowess to
check nests of Yellow-billed Kites in the Inner Niger Delta (Bijlsma
et al. 2005). Two other appreciated participants in Mali involved in
density counts were Allix Brenninkmeijer and Marcel Kersten.

In Senegal, Seydina Issa Sylla of the Dakar office of Wetlands
International and his team offered a welcome base and logistical
help. We are greatly indebted to Mme Dagou Diop, who introduced
us to the Senegal Delta and was instrumental in bringing together
existing information related to the delta. We would like to thank the
Organisation pour la Mise en Valeur du fleuve Sénégal for making hy-
drological information available, the Centre de Suivi Ecologique (CSE;
Dethié Soumaré Ndiaye) for map information, the Direction des Parc
Nationaux (in particular Jacques Peeters) for information concern-
ing the ecology of the Senegal Delta and finally the Société Nationale
d’Aménagement et d’Exploitation des terres du Delta du fleuve Sénégal
et des Vallées du Fleuve Sénégal et de la Famille (SAED) for their coop-
eration, in particular Abdou Dia, Adama Fily Bouso and Landing
Mandé, who assisted in spatial data processing. Mme Dagou Diop
also introduced us to the management teams and inhabitants of
the Djoudj National Park and the Diawling National Park. We viv-
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idly recall the animated discussions regarding the delta’s socio-eco-
nomic developments. For their open-mindedness and information
on the national parks’ management we acknowledge: Issa Sidibe,
the director (until 2007) of the Djoudj NP, Idrissa Ndiaye (consult-
ant Djoudj NP, Senegal); Moctar ould Daddah and Zein el Abidine
ould Sidaty (both Diawling NP, Mauritania). Cheikh Hammalah
Diagana, Abdoulaye Diop, Ibrahima Diop, Abdoulaye Faye, Idrissa
Ndiaye, Hassane Ndiou, Ousman Sane, Mamadou So and Fousseini
Traore also assisted in the fieldwork in the Senegal Delta and in the
Casamance. The amicable and cooperative support of Jodozinho Sa
(Wetlands International) made working in Guinea-Bissau a pleas-
ure. Hamilton Monteiro cheerfully tramped the rice fields with us
in Guinea-Bissau, as did Kawsu Jammeh in The Gambia and in the
Casamance. Their friendly quizzing of the local populace greatly fa-
cilitated our understanding of the system of the bolanhas.

We were fortunate to have dealt with Chris du Feu as the co-or-
dinator of the EURING database, who complied promptly and with
great kindness with our requests. So far, this source of information
has been only lightly tapped, and notwithstanding the advent of
spectacular new methods of studying migration patterns involving
radio transmitters, satellite telemetry and stable isotope ratio tech-
niques, it begs for much more elaborate analyses than our basic at-
tempts.

Tapping a very different source of data, i.e. the ornithological lit-
erature of Russia and other countries of the former Soviet Union,
the hidden treasures revealed demand a special word of thanks to
Jevgeni Shergalin, who translated so many relevant documents. We
have also been fortunate to have experienced the benefits from the



Inner Niger Delta at a high flood. (Kakagnan, November 2008).

first era in which digital photography became commonplace, and
so we have been able to select from a wide choice of material col-
lected throughout the Afro-Palearctic region. This book contains a
selection of photographs; each with a story, rather than plates cho-
sen just for their beauty (although combining the two is possible,
as we show). The unselfish support of photographers, even to the
extent of delving in decades-old archives, digitising old slides and
browsing through dust-covered notebooks to unearth relevant data,
gave us the opportunity to enliven and expand the text beyond mere
science. For those without first-hand experience of Africa, it may
perhaps be hard to fully comprehend the sweltering heat and lack
of shade in the Sahara, or to appreciate the changes wrought on the
vegetation by the rains that can turn a withered and dust-laden Sa-
hel into a green ‘paradise’ in little more than a few days. A single
glance at the photographs taken by Wilfried Haas and Gray Tappan
suffices to make that point. Our selection of pictures should help
bring to life in your mind the African and Eurasian environments
and their inhabitants. We are enormously grateful to all who sup-
plied material to that end. The Alexander Library Service of the Ox-
ford University kindly gave permission to reproduce a picture of Reg
Moreau.

The water-colours and other drawings by Jos Zwarts are an evo-
cation of the birds in their natural setting, Sahelian or otherwise.
Intended to be equally pleasing to the eye are Dick Visser’s graphics
that condense huge amounts of information in a clear and straight-

forward manner. We are truly honoured to have such a lavish collec-
tion of their art throughout the book. Fred Hustings produced an
adaptation of his famous (in The Netherlands) cartoon of the real
monitoring spirit, to align with the essence of our book. He also
read the book from cover to cover, and we profited from his com-
ments and attention to detail.

The twists, turns and pertinence of the many tales in this book,
including the asides and addenda in endnotes and figure and photo
captions, have been spun together, to our delight, from the expertise,
data (both published and unpublished), personal libraries, comments
and encouragement of (in alphabetical order) Joost Backx, Albert
Beintema, Mike Blair, Anne-Marie Blomert, Gerard Boere, Daan Bos,
Christiaan Both, Bennie van den Brink, Joost Brouwer, Nigel Collar,
Floris Deodatus, Gerard van Dijk, Hans Drost, Michael Dvorak, Sara
Eelman, Martin Flade, Bart Fokkens, Gerrit Gerritsen, Kees Gouds-
waard, Matthieu Guillemain, Manfred Holker, Hermann Hotker, Jos
Hooijmeijer, Fred Hustings, Joop Jukema, Guido Keijl, Roos Kentie,
Kees Koffijberg, Pertti Koskimies, Jim van Laar, Karl-Heinz Loske,
Chris Magin, Willem van Manen, Sven Mathiasson, Peter Meininger,
Johannes Melter, Pierfrancesco Micheloni, Theunis Piersma, Steven
Piper, Maria Quist, Jiri Reif, Magda Remisiewicz, Riche Rowe, Geoske
Sanders, Vincent Schricke, Guus Schutjes, H. Stel, Torsten Stjernberg,
Ekko Smith, Roine Strandberg, Tibor Szép, Dirk Tanger, Simon Thom-
sett, Ludwik Tomiatoj¢, Patrick Triplet, Bertrand Trolliet, Yvonne Ver-
kuil, Jan Visser, Jan Wanink, Jan Wijmenga, Mike Wilson and Dedjer
Wymenga; their support meant much to us.

Several institutions and organisations kindly allowed us the
use of their data: Finnish Ringing Centre, Helsinki (Jari Valkama),
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Sahel landscape NW of Timbuktu at 16°N (175 mm rain per year; below), north of Niamey at 14°N (350 mm rain per year; left) and Sudan land-
! ) ) \ pery:

scape at 12°N in the W National Park (700 mm rain per year; right). (January 2009)

Gannet Flemming Inc., (Frank J. Swit), SOVON Vogelonderzoek
Nederland, Beek-Ubbergen (Chris van Turnhout), Swedish Bird
Ringing Centre, Stockholm (Roland Staav), Tour du Valat, Le Sam-
buc (Patrick Gillais), Vogeltrekstation, Heteren (Hans Schekker-
man), Vogelwarte Helgoland, Wilhelmshaven (Olaf Geiter), Vo-
gelwarte Radolfzell, Radolfzell (Wolfgang Fiedler) and Wetlands
International, Wageningen (Ward Hagemeijer).

Throughout the years we enjoyed and benefited from the logis-
tic, administrative and scientific support of the staff of Altenburg
& Wymenga ecological consultants, notably Hieke van den Akker,
Wibe Altenburg, Daan Bos, Leo Bruinzeel, Lucien Davids, Harman-
na Groothof and Franske Hoekema. We should like to give especial
thanks to the specialists who contributed texts, adding themes and
discussions to an already widely branching tree of knowledge: Peter
van Horssen, Ben Koks, Pierfrancesco Micheloni, Wim Mullié, Otto
Overdijk, Martin Poot, Paul Scholte, Vincent Schricke, Christiane
Trierweiler, Patrick Triplet and Jan van der Winden.

Story telling in Africa is an oral tradition, embedded in music,
chants and poetry. We, on the other hand, have been taught to place
great value on written sources. To successfully convey the message,
a language is needed, honed to perfection to suit the intended au-
dience. We are immensely indebted to Mike Blair, who volunteered
to edit our English, but who, at the same time, took us back to the
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school-benches, pointed out idiosyncrasies, inconsistencies and
plain errors, never tired of repeating lessons, provided extra informa-
tion yet still kept his humour - a humbling and gratifying experience.
Similarly, Marie-Anne Martin expertly fine-tuned the final versions,
also accompanied by comments and asides covering life in general
and the book in particular. This may sound like a platitude, but how
very true it is nonetheless: any mistakes left are entirely our own.

Financial support was given by Vogelbescherming Nederland,
Vereniging Natuurmonumenten, the Dutch Ministry of Foreign Af-
fairs (Directorate for International Cooperation), the Dutch Inter-
national Policy Programme on Biodiversity (BB1), the DLG Govern-
ment Service for Land and Water Management, the Dutch Partners
for Water Program, Altenburg & Wymenga ecological consultants
and, in particular, by the Dutch Ministry of Agriculture, Nature and
Food Quality (Department of Nature) and the Dutch Ministry of
Transport, Public Works and Water Management (RIZA; since 2007
Rijkswaterstaat Centre for Water Management). Migratory birds
constitute 23% of the Dutch avifauna, and the support was moti-
vated by the realisation that science-based protection needs infor-
mation on the birds’ whereabouts and ecology in the non-breeding
areas. Without their generous input, this book would neither have
been written, nor published.
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When travelling from southern Mauritania to Guinea-Bissau, a distance of just 500 km, you find that the scenery

changes from dry desert daubed in reds and ochres into a lush, green world of bushes and trees. This step-by-step
transition makes a deep impression. Bare sand dunes give way to dry, almost treeless grassland that in turn evolves
into sparsely forested plains. Further south, tree density increases and eventually changes into dense gallery forest,
which in the not too distant past consisted of tropical rainforest. For each degree of latitude south (i.e. 110 km) be-
tween Mauritania and Guinea, rainfall increases by about 45%, the amount effectively doubling every 160 km. Apart
from the world’s mountainous areas, it is difficult to find such a degree of change elsewhere. The sand dunes in Mau-
ritania are part of the southern edge of the world’s largest desert, the Sahara (8.5 million km? comprising 25% of the
African continent). The transition zone south of the Sahara is known as the Sahel, a huge area of 3 million km? a strip
some 500 km wide, stretching 5500 km from the Atlantic coast to the Red Sea.
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Introduction

The steep increase in rainfall over a latitudinal range of only 500 km,
from less than 100 mm annually in the north to more than 2000 mm
in the south (Fig. 1), is due to the Intertropical Convergence Zone
(1Tcz), a belt of low pressure hugging the equator. Ascending warm
and moist air immediately north and south of the equator is sucked
into the ITcz and transported at altitudes of 10-15 km further north
and south of the equator. To compensate for the rising air in the
convergence zone, the northern flow descends in the desert zone,
normally centred between 20° and 30°N. Descending air heats up as
the pressure increases, becoming undersaturated with water vapour
and leading to the typical clear skies and general aridity of the Saha-
ra. This air circulation system, known as the Hadley cell, is affected
by the rotation of the earth, which ensures that the prevailing wind
over the Sahara, the Harmattan, always blows from the northeast
and not from the north. The Harmattan, a well-known phenomenon
in West Africa, brings dry, dusty air to the Sahel and further south.
When, during the northern summer, the sun is overhead in the Sa-
hara, alow pressure belt forms over the Sahel, bringing clouds, rain,
frequent thunderstorms and a monsoon from the SE.

The 1TCZ moves seasonally, according to the position of the sun,
between the Tropic of Cancer (21 June) and the Tropic of Capricorn
(21 December). * The northern limit of expected regular rainfall in
the Sahel is defined by the position of the 1Tcz (with rain-bearing
clouds usually lying 150-200 km south of it). The 1TCZ, being the
dominant rain-making mechanism over Africa, explains why north-
ern and southern Africa are dry, and why central Africa is wet (Fig.
2). It also explains why rain occurs in the Sahel during the northern
summer, and in southern Africa six months later (Fig. 4).

Although the tropical rain belt movement annually cycles across
the equator and back again, there are year-on-year differences.
These differences cause large variations in local rainfall (Fig. 1). The
Sahel not only experiences unparallelled rapid transitions from dry

to wet, but also has suffered a historically unprecedented decline
in rainfall since about 1960. According to Hulme (1996), it is the
most dramatic example of climate variability ever measured. Much
research has been done to understand what lies at the heart of this
decline.

The most obvious hypothesis postulated that the reduced rainfall
in the Sahel was due to a southward shift of the entire 1TCz. Indeed,
the rrcz remained further to the south in 1972, the first extremely
dry Sahel year of the Great Drought between 1972 and 1992 (Fon-
taine & Janicot 1996). However, when long series of dry and wet years
are compared, a southward shift of the rrcz could not explain the
ongoing decline of rainfall in the Sahel - there was no commensu-
rate increase in rainfall south of the equator. Instead, it appeared
that the action of the Hadley cell had become less intense (Nichol-
son 1981a). Further research confirmed that the atmospheric circu-
lation in the Sahel simply had varied between dry and wet years (Ni-
cholson & Grist 2003). This meant that a new hypothesis was needed
to explain the changing atmospheric circulation. Since 1977 it has
been understood that rainfall in Africa largely depends on the sea
surface temperature (ssT) of the oceans, although the relationship
is complex (Hastenrath & Lamb 1977) and remains so 30 years later
(Balas et al. 2007). > Drought in the Sahel occurs during years of rela-
tively warm equatorial oceans and relatively low temperatures in the
subtropical oceans. Given this complexity, it is not surprising that
it took more than 25 years of intensive research to begin to under-
stand the relationship between Sahel rainfall and the temperature
sequences in oceans on both sides of the continent.

The first studies on the relationship between seawater tem-
perature and Sahelian rainfall could only partly explain the recent
drought in West Africa. An alternative explanation for changes in
rainfall patterns was the rapid changes in land usage and vegeta-
tion cover in the Sahel and adjacent vegetation zones. For example,
in West Africa, almost 90% of the original moist forest has disap-
peared, and what remains is heavily fragmented and degraded
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The belt between the Sahara (here exemplified by southern Mauritania) and the gallery forests in southern Senegal (September 2007), a distance of

only 500 km, covers a surprising suite of habitats, including the Sahel.

(Hennig 2006; Chapter 5). It is not certain, however, that this has
contributed to the decline in the amount of rainfall. Studies on the
other side of the Atlantic Ocean revealed that large-scale deforesta-
tion in the Amazon basin has not been followed by a decline in rain-
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Fig. 2 Average annual rainfall (mm) in Africa calculated over the years
1995-2005. Data, taken from http://www.fews.net, were collected by
CPC-NOAA.
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fall, but rather by an increase locally (Chu et al. 1994, Negri et al.
2004).

Another explanation put forward was that climate change had ap-
parently caused an advance of the Sahara desert into the Sahel (Ni-
cholson et al. 1998). The United Nations Convention for Combat De-
sertification (UNccD) suggested this process had been accelerated
by ‘desertification’, i.e. ‘land degradation in arid, semi-arid, and dry
sub-humid areas resulting from various factors, including climatic
variations and human activities’. Charney (1975) hypothesised that
this loss of vegetation caused a change in the energy flux between
surface and atmosphere. Later research showed that the change of
climate was unlikely to be triggered by desertification itself (Nichol-
son 2000). This does not imply, however, that surface processes do
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Fig. 3 Annual rainfall in Saint Louis, Senegal, from 1848 to 2005.The
line gives the running mean over 9 years.
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Baobab trees belong to the Sahelian landscape; mid-Senegal, January 2008.

not play a role in maintaining the drought. Wang et al. (2004) and Gi-
annini et al. (2005) actually concluded that vegetation dynamics have
enhanced the severity of the drought. The regional climate may also
have been affected by dust in the atmosphere (Tegen & Fung 1995).
During the drought in the 1970s and 1980s, the number of dust
storms in the Sahel increased sharply (Prospero et al. 2002). Because
recent climatological models are better equipped to capture the vari-
ation in the Sahel rainfall in conjunction with ocean temperatures,
the significance attributed to regional effects has diminished.

What, then, determines the variation in surface temperature of
the ocean? If sea temperature is so important, what has changed in
the oceans to explain enduring droughts in the Sahel? Furthermore,
if the Sahel drought has a bearing on greenhouse gases and global
warming, what will the future bring? We will return to these ques-
tions at the end of this chapter, but first, we describe the variations
in rainfall in the Sahel and analyse whether regional differences in
the annual rainfall within the Sahel zone can be discerned.

Data

The longest series of daily measurements of rainfall in the Sahel is
available from Senegal for Saint Louis, whose annual rainfall, reg-
istered since 1848, fluctuated more recently between 937 mm in
1921 and 59 mm in 1992 (Fig. 3). This huge variation nevertheless is
consistent with a downward trend over the last 150 years. The rainy
period in the northern Sahel is limited to a few months, typically
punctuated by local downpours and tropical thunderstorms caus-
ing such local variation in daily rainfall that the tallies of adjacent
rainfall stations can show remarkable differences over the entire
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rainy season. This local variation is nicely quantified by Taupin
(1997, 2003), using 25 rain gauges in one km?* and 98 gauges over
16 000 km?, respectively.

The existence of such large variations requires many rainfall sta-
tions to record adequately the annual variation of rainfall over the
entire Sahel. In the 19" century, there were but a few operational
rainfall stations, initially only along the Atlantic coast (e.g. Lungi,
Sierra Leone, since 1875 and Banjul, The Gambia, since 1884), but
later also inland (e.g. Timbuktu, Mali, since 1897). From about 1920,
rainfall was measured over the entire Sahel, the number of rainfall
stations reaching a peak between about 1950 and 1990, but decreas-
ing since then.
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Fig. 5 The seasonal monthly rainfall in the western Sahel between the
Atlantic coast and 5°W, given separately for six latitudes.



We selected weather stations from Mauritania, Senegal, Guinea-
Bissau, Guinea, Sierra Leone, Mali, Burkina Faso, Niger and Chad,
and also from the northern regions of Ivory Coast, Benin, Ghana,
Nigeria, Cameroon and the Central African Republic. The data used
here were taken mainly from the data set produced by FAOCLIM. 3

A serious problem with using rainfall data from the Sahel is the
large, and increasing, number of missing values. The simplest solu-
tion is to restrict the analysis to the few months covering the rainy
season. In fact, some papers do use rainfall only from August or
from July, August and September. August contributes, on average,
42% to the total annual rainfall in the Saharan margin (18-20°N), but
represents only 31% in the southernmost Sahel zone (12-14°N) and
a mere 20% further south (8-10°N) (Fig. 5; see also Nicholson 2005
for comparable data for the Sahel west of 15°E). When July, August
and September are combined, we capture 85% of the annual rainfall
in the northern Sahel (14-20°N), decreasing to 76% in the southern
Sahel and 55% in the 8-10°N zone. We decided to include data only
when there were no missing values in the wet part of the year, i.e.
from May until October. Missing values in the six dry months do not
significantly affect the summed annual precipitation.

Missing data in series of average annual rainfall tallies, based on

a set of different stations, corrupt the results in analyses. This prob-
lem is usually resolved by standardising the data for all rainfall sta-
tions. First, the average yearly rainfall is calculated. Subsequently,
the rainfall for each year is converted into the difference relative to
the long-term average, divided by the standard deviation - this is
known as the ‘anomaly’ or ‘rain index’.

Satellite technology allows an alternative method of monitor-
ing rainfall (Fig. 6). The us Climate Prediction Centre (CPC-NOAA)
combines satellite estimates of rainfall, as provided by Nasa (the
Us National Aeronautics and Space Administration), with ground
truth data from rainfall gauges (Xie & Arkin 1995). Daily estimates
have been combined per ten-day-period from July 1995 onwards; all
images are at http://www.fews.net. Fig. 6 compares the rainfall for
two years. In a wet year, such as 1999, the Sudan zone to the south
of the Sahel received much more rain than in a dry year (1996) and
the rainbelt reached further north (Fig. 6). The images of the ten-day
periods were converted to grid cells in order to calculate rainfall be-
tween 1995 and 2005 split up into 2" -wide latitudinal zones (8-10°N
through 18-20°N). From these data, the average amount of rainfall
in 1999 appeared to be 38% higher than in 1996, for instance (Fig.
6).
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Fig. 6 The annual rainfall in West Africa during a dry year (1996) compared to a wet year (1999); the long-term

average is shown right (from Fig. 2). Data, taken from http://www.fews.net, were collected by cpc-NoAA.
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Aspects of dry and wet season landscapes, going from northern to southern Senegal: Acacia savanna (with communal nests of White-billed Buffalo

Weavers; 1st row) , scattered Balanites aegyptiaca (small evergreen trees) on sandy soil (2nd row), savanna with trees and shrubs on rocky soil (3rd

row) and woodland in the Casamance (4th row).

Annual variation

An important question to address is whether year-to-year variation
in rainfall differs across the Sahel. This is particularly relevant in
the context of Palearctic migrants wintering in discrete sections of
the Sahel. To remain valid, such an analysis must be derived from
data from a large number of rainfall stations, in order to take into
account the substantial local variation. Between 1960 and 1993,
rainfall in the Sahel was rather well synchronised between coun-
tries, with, on average, good rainfall in 1960-69 and poor rainfall
in 1973, 1984, 1987 and 1990 (Fig. 7). When annual rainfall tallies
are compared between different countries, high correlations were
found between neighbouring countries along the east-west gradi-
ent: Mauritania - Mali (R = +0.81), Mali - Niger (R = +0.80), Niger -
Chad (R = +0.78) and Chad - Sudan (R = +0.79). The correlations are
also high along the north-south gradient: Mauritania - Senegal (R =
+0.79), Senegal - The Gambia (R = +0.94), Senegal - Guinea-Bissau
(R=+0.85). Correlations decrease to about R = +0.70 when non-con-
tiguous countries are compared. The cluster analysis shows that the
mutual linkage between the Sahel countries is high and - to a lesser

degree - that between the countries along the Gulf of Guinea. We
may conclude that rainfall in Sahel countries is well-synchronised
(east-west), but that synchronisation is smaller between the Sahel,
Sudan and Guinea zones (north-south).

To analyse the annual variation in rainfall further within the
Sahel zone, the gauge data up to 1997 were combined with the sat-
ellite data (1998-2003) and split up into four 2°-wide latitudinal
zones from 12-14°N through 18-20°N (Fig. 8A). The annual rain-
fall fluctuated synchronously for the latitude bands 12-14°, 14-16°
and 16-18°N, but much less so for the desert latitude band. * This is
even more apparent from Fig. 8B, which shows the ‘anomalies’, the
standardised rainfall in the different latitudinal zones. Thus, for the
actual Sahel zone (12-18°N), the year-to-year variations in rainfall for
the different latitudes are quite alike. As is already evident from the
comparison of the rain gauge measurements in the various Sahel
countries (Fig. 7), rainfall in the western and eastern Sahel is syn-
chronised too.

In this analysis, we want to ascertain whether fluctuations in
rainfall in the Sahel can be described under a single rain index, and,
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Fig. 7 Annual rainfall in five Sahel countries from 1960 to 1993.
The averages are calculated over a large number of stations (Mali:
n=177, Chad: n=140, Burkina Faso: n= 156, Niger: n=205, Sudan: n=51).
A hierarchical cluster analysis was carried out over the same period
for 16 countries. The dendrogram shows that the average linkage
between countries in the Sahel, Sudan and Guinea zone is large in
neighbouring countries, especially within the Sahel zone.
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if not, whether different indices are required to describe rainfall
patterns in the eastern and western part of the Sahel, for different
latitudes, or for both sets of circumstances. Although Figs. 7 and 8
show subtle differences (see also Nicholson 1986, 2005, Nicholson &
Palao 1993, Balas et al. 2007), we conclude that rainfall in the Sahel
zone proper can be fitted adequately into a single index.

Fig. 8 is based on gauge data for 1930 to 1997, and on satellite
data for 1998-2003. Although the satellite data, available since 1995,
have been calibrated with field stations, one may doubt whether the
rainfall recovery around 2000 was as large as suggested in Fig. 8.
The satellite measurements suggest an exceptionally high rainfall
in 1999 and 2003, but available gauge data do show lower amounts
(Dai et al. 2004). ®* We used river discharge data (Chapter 3) to check
which set of data was closer to the truth, from which it became ap-
parent that the 1997-2005 rainfall in Fig. 8 had been overestimated.
Hence, we use the gauge data to derive the annual variation in rain-
fall in the Sahel (Fig. 9).

During the 20" century, three periods of drought can be dis-
cerned: the first two, in 1900-15 and 1940-49 respectively, were fol-
lowed by periods of improved rainfall. Again 30 years later, another
drought occurred, but instead of the expected recovery in rainfall,
there was a further decline in rainfall until 1984 (Fig. 9). This last pe-
riod is known as the Great Drought in Africa - La Grande Sécheresse
(1972-1992). Since then, rainfall has gradually improved somewhat. ¢
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The last drought raises some major questions. Is the Great
Drought unique or have similar episodes occurred in previous cen-
turies? Has the recent drought been reinforced by desertification,
with consequent local land degradation? Does rainfall in northern
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Fig. 9 Annual rainfall in the Sahel (1900-2005), expressed as percent-
age departure from the average calculated over the whole of the 20t
century. The smooth curve gives the 9-year running mean.



and southern Africa fluctuate synchronously with the Sahel rainfall?
Does global climate change play a role and, if so, what will happen
in the future should the greenhouse effect continue to increase?

The answer to the first question is straightforward: the recent
Great Drought is not unique. The dip in the 1980s looks prominent
because the peak in the late 1950s was exceptionally high. The re-
constructed climate history of Africa, based upon meteorological,
hydrological and historical sources (Nicholson 1981b, 1982, 2001),
showed several such climate epochs over the last centuries. The Sa-
helian kingdoms of Ghana, Mali and Songhay developed, thrived
and declined in conjunction with prolonged periods of abundant
rainfall or drought (McCann 1999). The period from 800 to 1300 is
thought to have been relatively wet, but was followed by a drier peri-
od from 1300-1450, a wetter period until 1800 and a gradual decline
since then (Fig. 10).

The answer to the second question was given earlier: reduced
rainfall has caused temporal desertification, but effects the other
way around appear to be limited: i.e. degradation in itself has little
effect on climate.

The third question, whether rainfall in northern and southern
Africa fluctuates synchronously with the Sahel rainfall, is studied by
comparing three regions: the Maghreb, the Guinea zone (east of the
Dahomey gap between 4° and 8°N) and South Africa (Fig. 11). The
annual rainfall in the selected zones is positively, but weakly, cor-
related. The long-term trend over the 20" century is - just as in the
Sahel - downwards in northern and southern Africa. The informa-
tion given in Fig. 11 is particularly relevant for bird species which
cross North Africa and the Sahel to winter in the Guinea zone and in
South Africa, such as the Barn Swallow.

The fourth question, regarding climate change, is worthy of a
separate paragraph.
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Fig. 10 Reconstruction of the climate in the Sahel, based on rainfall
data since 1850 and historical research from the three preceding centu-
ries (e.g. river discharges, harvests). From: Nicholson (1982).
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Fig. 11 Annual rainfall in North Africa (Morocco, Algeria, Tunisia; 20
rainfall stations), the Guinea zone between Nigeria and the Central
African Republic (45 stations) and Southeast Africa compared to

the Sahel rainfall (Fig. 9). From: Hulme et al. (2001) for SE Africa, and
FAoCLIM-database. The dots give the annual rainfall anomaly, the
smooth curve the 9-year running mean. Too few stations of the
selected Guinea zone were available before 1950 to calculate a reliable
rain anomaly.
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Climate change

Warming is — usually - a global phenomenon, and the northern half
of Africa does not escape this trend (Fig. 12). The six warmest years
in northern Africa since 1860 were registered after 1998. The rise
in temperature since 1970 has been even faster in the Sahara-Sahel
zone than worldwide, with a 0.2°C rise per decade in the 1980s. This
rate increased to 0.6°C per decade at the end of the 20" century.

Global Circulation Models (GcMms) predict a further warming of
Africa in the 21% century, varying between 0.2 and 0.5°C per decade
(Hulme et al. 2001). The warming is expected to be even greater in
the Sahel. Consequently, the temperature may rise another 2-7°C in
the next 80 years - a daunting prospect!

Global Circulation Models also provide predictions about rain-
fall. Given the important role that ocean surface seawater tempera-
tures exert on rainfall in Africa, it is to be expected that a continuing
warming of the tropical oceans would lead to a further reduction in
rainfall. However, global warming may also have an impact on the
temperature gradient in tropical and subtropical oceans, and this
would complicate predictions of African rainfall. After comparing
four climate change scenarios and seven global climate models,
Hulme et al. (2001) concluded that annual rainfall in the western
Sahel would possibly remain at the same level, but that a decrease
of 10-20%, or even 40%, would be more likely.

One of the problems with Global Circulation Models is that, when
applied to the Sahel, they are not able to capture the Great Drought.
Recently, however, Held et al. (2005) presented a model that ap-
pears to simulate 20" century rainfall reliably for the Sahel. Their
model includes the effects of greenhouse gases, carbonaceous and
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Fig. 12 The average temperature given as departures from the 1961-
1990 average in northern Africa (0-40°N, 20°W-60°E) and worldwide
(source: www.met-office.gov.uk/research/hadleycentre/cr_data/
Monthly/HadCRUG.txt). The trends show the running mean over 9
years.

volcanic aerosols, ozone, solar irradiance and land use. They con-
clude that the decline in the Sahel rainfall in the second half of the
20" century is the result of anthropogenic forcing, partly due to
increased aerosol loading and partly to an increase of greenhouse
gases. They predict that rainfall until 2020-40 will remain at about
the same low level as the last twenty years of the 20" century, but
will then gradually decrease by about 20% in the next 50-100 years.

Rice planting women continue working despite an approaching downpour, Casamance (Senegal), September 2007.
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Endnotes

1

The actual daily position of the 1Tcz can be followed online via the Famine Early
Warning System Network (http://www.FEws.net) website. The satellite data
are collected by the American Climate Prediction Center (cpc) of the National
Oceanic & Atmospheric Administration (NoAA). The FEws-site also gives per
year the ten-days’ rainfall since July 1995. Figure 3 illustrates the seasonal shift
of the rain belt between January and December 2005, as described in the text.

Seawater temperature in the nearby eastern Atlantic Ocean affects rainfall in
the Sahel. There is less rain in the Sahel when the equatorial Atlantic is rela-
tively warm (Folland et al. 1986, Palmer 1986, Rowell et al. 1995, Chang et al.
1997, Janicot et al. 1998, Thiaw et al. 1999, Zheng et al. 1999, Vizy & Cook 2001,
Giannini et al. 2003, Messager et al. 2004, Giannini et al. 2005). In contrast, the
variation in the temperature of the Indian and Pacific Oceans has a long-term
effect on rainfall in the Sahel, where again warm temperatures in both oceans
tend to promote less rain in the Sahel. The effect of the Indian Ocean on rainfall
in the Sahel was shown by Latif et al. (1998), Bader & Latif (2003), Giannini et al.
(2003) and Lu et al. (2005). A similar effect of the Pacific Ocean (i.e. the El Nifo
Southern Oscillation (ENso)) was demonstrated by Palmer et al. (1992), Myneni
et al.(1996), Latif et al. (1998) and Janicot et al. (1996, 1998, 2001). To make it
even more complex, rainfall in the Sahel does not depend simply on seawater
temperature in the tropical zone of the three oceans, but on the difference in
temperatures between the tropical and subtropical zone.

Historical rainfall data are published in the annals of the national meteoro-
logical organisations, and for Francophone Africa in the past also in the annals
of orsTOM. These data were summarised for 10-year periods for a number of
key stations by the Smithsonian Institution (1920-1940) and the Department of
Commerce (UAs) (1941-1960). Since 1961, monthly data have been published by
the Department of Commerce in the “Monthly Climatic Data for the world”. The
latter data can also be downloaded from: www7.ncdc.NOAA.gov/IPS/NCDWPUDbs.
Several institutes and organisations have digitalised the historical meteorologi-
caldata.Alarge dataset was collected by the Climate Research Unit (cru), Univer-
sity of Norwich (uk). These data are available from http://www.cru.uea.ac.uk/.
Another source is the Global Historical Climate Network (GHCN; ncdc.NOAA.
gov/pub/data/ghcn/v2), jointly produced by the National Climate Data Center
(Ncpc) of the Arizona State University (uas) and Oak Ridge National Laboratory
(orNL). The National Disaster Management Centre (NDmc) of the University of
Witwatersrand (South Africa) and the orNL produced a file with monthly Afri-
can precipitation data (sandmc.pwv.gov.za/safari2000/nasa/rain/cntrlist.asp),
which had been extracted from the GHcN. The Agrometeorology Group of the
Fao produced a database, called “FaocLim”, containing data from 28 000 weather
stations. Its interface is more user-friendly than on the sites mentioned above.
The data are produced on ¢, but can also be downloaded from the ftp-site of
the fao (ftp://ext-ftp.fao.org; see http://www.fao.org/sd/2001/en1102_en.htm).
Recent data were obtained from the Direction Nationale de la Météorologie
in Mali and in Senegal. We also added long rainfall series from local organisa-
tions in Mali (ier, on, ors, orm). To include data from other Sahel countries, the
up-to-date ‘Monthly Climatic Data for the world’ was consulted. Precipitation
data for the past few decades may also be taken from the Climate Prediction
Centre (cpc) and Global Precipitation Climatology Centre (Gpcc) of NoAA, but we
refrained from doing so, since these data appeared to deviate from the other
sources (as already noted by Beck et al. 2004, Nicholson 2005).

4 The annual rainfall for the latitude bands 12-14°,14-16° and 16-18°N were highly

correlated (R= 0.93 - 0.96), but the correlation between the band 18-20°N and
the bands further south was lower: (16-18°N: R = +0.85, 14-16°N: +0.76 and 12-
14°N: +0.78).

The anomaly produced from derived data from satellites (1997-2003; Fig. 8) in
all years represents 1SD higher than the gauge data for the same years (Fig. 9);
the correlation between both series is high (R?=0.90).

Many papers give the anomalies relative to the 1961-1990 average. Since the av-
erage rainfall in the Sahel, calculated over the entire 20*" century is 10% higher
than for the period 1961-1990, one has to move the y-axes 10% downwards to
read the data in Fig. 9 as a departure from the 1961-1990 average. The annual
rainfall anomaly has been calculated by several authors. The data shown in
Fig. 9 correlate well with, for instance, the Sahel anomaly given by Dai et al.
(2004) (R?=0.944) and also with the average anomaly for 14-20°N (Nicholson
2005, selection made for the years until 1996; R?=.950). The correlation is poor
(R?=0.545), however, with another Sahel rainfall index, based on fewer gauge
stations in the set (http://jisaowashington.edu/data_sets/sahel/). Unfortu-

nately this latter index is used regularly in ornithological literature.
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La Grande Sécheresse —the disastrous Great Drought in the 1970s and 1980s —was a major catastrophe for the people

in the Sahel.Rainfall was poor, but the decline of the river flow was even greater. Many people in Mali were convinced
that the recently built Selingue dam was the cause of the low discharge from the Niger River. Environmentalists used
this argument in international debates about dams. Hydrologists, on the other hand, argued that it was impossible
for relatively small reservoirs to have such a large impact downstream. This idea was undoubtedly correct under nor-
mal conditions, but not necessarily so during extreme droughts. Irrespective of the debate, the discharge of rivers in
the Sahel is known to fluctuate significantly. The reasons for these fluctuations are both natural and man-made. This

chapter quantifies the natural variations in river discharges, and the impact of man-made structures thereon.
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Introduction

The coastal zone along the Gulf of Guinea belongs to one of the wet-
test areas in the world, with an annual precipitation exceeding 3000
mm. Most of this water drains almost directly into the ocean, but
geography forces some rivers to make a lengthy detour inland. The
Senegal and Niger Rivers, both originating in Guinea-Conakry, run
initially north eastwards. The Senegal then bends to the west, where-
as the Niger makes a huge loop to the east, crossing the southern
edge of the Sahara, before turning south towards Nigeria. Further to
the east, the Chari and the Logone Rivers drain into Lake Chad. The
catchment areas of the Senegal River, Niger River and the Lake Chad
Basin cover almost the entire western and central Sahel (Fig. 13) and
are of paramount importance to people and birds alike.

The Niger River is 4184 km long and its drainage basin covers
an estimated 2.2 million km? The Senegal River is 1800 km long,
draining an area of 0.44 million km?. The catchment of the Chari
(1200 km) and the Logone Rivers (965 km) comprises the southern
part of the Lake Chad Basin (2.4 million km?). Many separate and
mostly small rivers drain the land between the Atlantic Ocean and
the basins of the Senegal and Niger Rivers, but some of the larger
rivers, such as the Gambia, are significant. The latter is 744 km long
and drains central Senegal and the nation of The Gambia (0.18 mil-
lion km?). The White Volta River (1800 km) originates in the Mossi
Highlands and drains the eastern part of Burkina Faso and Ghana,
in total an area of 0.37 million km?.

West-African rivers are constricted by hundreds of dams, many
holding tiny reservoirs but some much larger (Fig. 13); notably the
Akosombo storage reservoir in Ghana, which was completed in early
1966, is larger (8482 km?) than all other West-African reservoirs put
together. Other large reservoirs are found in Ivory Coast (the Kosso,
1780 km?) and in Nigeria (Kainji, 1250 km?). In the Sahel itself, large
reservoirs are absent except for the Manantali (477 km?) on the Up-
per Senegal. Although the other dams in the Sahel zone are much
smaller, their impact on the river flow, as we show in this chapter, is
relatively large.

Sanagal basin Niger basin Laks Chad basin

Fig. 13 The three major drainage basins in West Africa: Senegal, Niger
and Lake Chad, and (shown in purple) the 12 largest water reservoirs.

Downpours during the rainy season bring a lot of water in a short pe-
riod; dry or near-dry rivers may become flooded in a matter of hours;
Burkina Faso, August 1985.

The rivers in West Africa demonstrate huge between-season varia-
tions in discharge. For instance, the average discharge of the Niger
at Koulikoro (SW Mali) in September is eighty times larger than in
April. This is caused by the short but intense rainy season, reaching
a peak in August. It takes some time before all this surface water
finds its way via shallow gradients into the Upper Niger, which nor-
mally reaches its maximum height in September or October. Sahel
rivers, draining lowland catchments, have a characteristically low
flow rate. The length of the Niger means that it takes 6 months be-
fore the rainfall in Guinea reaches the ocean.

The rivers and their floodplains function as lifelines, not only
for the local people, but also for waterbirds and other wildlife. The
floodplains of the Sahel are green oases amidst vast dry lands (Chap-
ter 6-10). Variations in annual rainfall cause large variations in river
flow and also in the extent of flooding between years. This chapter
analysesyearlyvariations inriver discharges and investigates towhat
degree these are related to rainfall fluctuations. As we will show, the
river flow not only depends on the rainfall in preceding months, but
also on rainfall in the preceding years. This system is complicated
by irrigation schemes and water reservoirs that, by extracting and
diverting water from the rivers, interfere with the natural timing of
the flow.

Senegal River Basin

The main branch of the Senegal River is the Bafing, originating in
the Fouta-Djalon hills in central Guinea; nearly half of the flow of
the Senegal River depends on the Bafing. The Bakoye starts on the
Mandinga Plateau in West Mali and contributes nearly a quarter of
the entire river flow. Like the Bafing, the Falémé rises on the Fouta-
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The Diama dam at the mouth of the Senegal River, December 2008.

Djalon hills, but takes a more westerly course; it delivers 10% of the
entire flow to the Senegal River. Other tributaries are mostly much
smaller (Fig. 14). The outer boundary of the Senegal Basin extends
far into the Sahara desert. The watershed is determined by the el-
evation pattern, but what little rain falls in the northern half of the
basin scarcely adds to the river discharge.

To relate the annual river discharge to rainfall, we selected 10
rainfall stations from the humid part of the Senegal Basin, for
which measurements were available from around 1920 (red dots in
Fig. 14). These measurements were averaged and related to the peak
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Fig. 14 The Senegal Basin, showing two dams (Diama near the river
mouth and Manantali reservoir on the Upper Senegal), the main
hydrological station (Bakel) and ten long-term meteorological stations
on the Upper Senegal.
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The Senegal River during high water, partly tamed with dikes and
canals.

river discharge in September at Bakel (blue dot in Fig. 14). The river
flow has been measured in Bakel since 1903.

Since 1922, periods of good rains and high river discharges (prior
to 1930 and 1950-1965) alternated with periods of poor rainfall and
low river flows (around 1940 and 1970-1990). Rainfall is less variable
than river flow (Fig. 15). Rainfall on the Upper Senegal usually varies
between 1100 and 1500 mm per year, but the river flow in September
fluctuates between 1600 and 4000 m?*/s. Since 1987, the river flow of
the Senegal at Bakel has been partly determined by water releases from
the Manantali dam. River flow in September has been at a relatively
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Fig. 15 Annual rainfall in the catchment area of the Upper Senegal,
averaged over 10 rainfall stations (dark blue symbols, left-hand y-axis),
and the river discharge in September at Bakel (light blue symbols,
right-hand y-axis). The trends show the running means over nine
years. Red bars indicate the effect of the Manantali reservoir on the
river discharge. See Fig.14 for the location of Manantali, Bakel and the
rainfall stations.
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low level since then, despite increased rainfall on the Upper Senegal.

Lake Manantali came into existence in 1987 when a 70 m-high
concrete dam across the Bafing valley was completed, but it took five
years to fill the lake. Subsequently, the water level was lowered for
four years, after which it took another four years to refill the lake.
Since 1998, the lake has been full, and its water level has been kept
between 200 and 210 m above sea level (Fig. 16). The Manantali Lake
stores up to 11.3 km?® of water. The average annual river discharge at
Bakel since 1928 (for all tributaries) has been 669 m?/s, equivalent to
an annual flow of 21.1 km?®. Given an evaporation rate at Manantali
Lake of 7 mm per day, the total annual evaporation can be estimat-
ed at 1.2 km?®, some 6% of the average total river flow. Hydropower
plants also change the seasonal variation in the river discharge, as at
Manantali. Much of the water accumulated during the flood season
is released in the dry period. How much is collected and released is
known precisely, because the monthly river flow into the lake has
been registered, as has the amount of water released at the dam.
These records permit the reconstruction of the natural, unmanaged
river discharge at Bakel as if the upstream Manantali reservoir was
not there (Fig. 16). In the unmanaged situation, the river flow would
be close to zero in the dry period, but due to the water releases in
Manantali, it is now hardly ever below 100 m?/s. In fact, the water
taken from the river during the peak flow (minus the evaporated 1.2
km’) is released to the river in the dry season. With the exception
of the year 2000, about 500 m?/s is normally retained in September,
including the dry years of 1990 and 2004 when the September flow,
without the Manantali dam, would have been just over 1000 and
1500 m?/s, respectively.

The reconstructed river flow discharge without the Manantali
dam shows that the flow of the Senegal has recovered to pre-drought
levels since 1990, although it has not yet reached the high levels of
1930 and 1950-1960 (red bars in Fig. 15), when rainfall was higher
still. Chapter 7 will describe the consequences of the Manantali dam
downstream.

T T T T T T T T T T 1T
1990 1993 1996 1999

T T T T T 160
2002 2005
July

Niger River Basin

The Niger and its Niandan, Milo and Sankarani tributaries rise in the
Guinea Highlands (Fig. 17). The most northerly branch, the Tinkisso,
originates in the Fouta-Djalon. The main tributary of the Niger is the
Bani, which drains southernmost Mali and the northeastern corner
of Ivory Coast. After the Bani flows into the Niger near Mopti, at the
southern edge of the Inner Niger Delta, there is no further run-off
from eastern Mali and Niger. Consequently, evaporation gradually
diminishes the river flow. The discharge of the Niger trebles during
the last 500 km before it empties into the Gulf of Guinea. Much water
is discharged by the Benue, a large river draining the extensive rainy
area of eastern Nigeria.

The total catchment area of the Bani (129 000 km?) is nearly as
large as the rest of the Upper Niger Basin (147 000 km?). Yet the dis-
charge of the Bani is less than half that of the Niger, because the
Bani sub-basin receives less rainfall than the other sub-basins of
the Upper Niger. We investigate separately the relationship between
rainfall on the Upper Niger and the river discharge, and that for the
Bani and the rest of the Upper Niger. We relate the data from the 28
long-term rainfall stations (red diamonds Fig. 17) on the Upper Bani
to discharge at Douna (blue diamond in Fig. 17). Only 15 long-term
stations (red dots in Fig. 17) are available for the Upper Niger. To
increase sample size, two stations just across the border of the ba-
sin were included in the calculation of the average annual rainfall.
These data are compared with the discharge at Koulikoro (blue dot
in Fig. 17).

The annual rainfall in the Bani catchment area usually varies be-
tween 1000 and 1200 mm (Fig. 18). Wet and dry periods, as reflected
in water flow, closely agree with those registered for the Senegal Riv-
er (Fig. 15). The Bani’s flow in September fell back from 3000 m?/s
to only 250 m?/s during the drought in the early 1980s, but subse-
quently gradually increased again. The long-term effect of a series
of dry years on the flow of the Bani is evident. The Bani was a river
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The Niger River plays an important role in the transportation of goods and people, particularly in the wet season; harbour of Mopti, September 2006.

with a fully natural flow until 2006 when the Talo dam became op-
erational.

Since 1922, the average annual rainfall on the Upper Niger has
varied between 1300 and 1600 mm (Fig. 19). The trend resembles
those shown for the Senegal (Fig. 15) and Bani (Fig. 18), but where
the Senegal and the Bani lost 80% of their flow during the Great
Drought in the 1980s, the decrease in the Niger was slightly less
than 50%. Since 1982, the flow of the Upper Niger has not been ful-
ly natural due to the construction of the Selingue reservoir in the
Sankarani. The Selingue reservoir covers 450 km? when full (2.1
km?). The monthly inflow and outflow have been registered since its
inception. The annual loss amounts to 0.83 km?, of which 0.57 km?
is lost to evaporation; the rest becomes groundwater (Zwarts et al.
2005a). More important than water loss is the change in seasonal
water flow. The flow into the reservoir (representing natural flow)
is reduced by, on average, 61% in August and by 36% in September
due to the filling of the reservoir. In contrast, when water is released
from the dam in the dry season, the outflow between February and
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The Niger River near Gao (eastern Mali), an example of an untamed
section of the river.
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showing four dams
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Niger), the hydrological
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April is about three times the amount of the natural flow. During the
first years of its existence, the effect of the Selingue dam was limited
(red bars in Fig. 19), because the lake was only partly emptied in the
course of the year and not fully refilled.

1400 : o« . —4000
1200 |
3000 2
By 1000 ‘EE,
€ @
£ 500 £
= 9]
qg 2000 5
s 600 &
§ £
2 400- S
= 1000 E
)
200 —— rainfallin Upper Bani %
—a— river discharge at Douna m A
0 T T T T T 0
1900 1920 1940 1960 1980 2000

Fig. 18 Annual rainfall on the Upper Bani averaged for 28 rainfall
stations in the catchment area (dark blue symbols, left y-axis) and the
river discharge in September at Douna (light blue symbols, right y-axis).
The trends show 9-year running means. See Fig. 17 for the location of
Douna and the rainfall stations.

Another dam in the Upper Niger, the Markala dam, is a low weir
across the river, used to raise the water level sufficiently to irrigate
the area managed by Office du Niger. The irrigation zone is located
in the Delta mort, the dead Delta, an ancient branch of the Niger.
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Fig. 19 Annual rainfall on the Upper Niger (dark blue symbols, left
y-axis) averaged for 17 rainfall stations in the catchment area, and the
river discharge in September in Koulikoro (light blue symbols, right
y-axis). The trends show 9-year running means. The red bars show the
effect of the Selingue reservoir on the river discharge in September. See
Fig.17 for the location of Selingue, Koulikoro and the rainfall stations.
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Sandbanks emerge in the Logone River as water levels fall; January

1999.The Chari-Logone system is the main tributary to Lake Chad.

The Markala dam has been operational since 1947, but it took many
years before the irrigation scheme was developed. In 2000, 740 km?
ofland was under irrigation and a further expansion of between 140
and 400 km?is planned (Keita et al. 2002, Wymenga et al. 2005). The
water intake, as registered by Office du Niger, amounts to 2.69 km?
per year, equivalent to 86 m?/s. Despite the gradual extension of the
irrigated zone, water extraction remained at the same level between
1988 and 2006. Over the same period, the annual river discharge
at Koulikoro varied between 624 and 1258 m?/s. As a consequence,
water use by Office du Niger is not more than 6% of a high river flow
(1995), but this may increase to 16% when the flow is low (1989). The
monthly water use by Office du Niger is 60 m?/s in January, gradu-
ally increasing to 130 m?/s in October, decreasing to 90 m?/s in No-
vember and 50 m?/s in December. The available water supply varies
between 100 m?/s in March and 3200 m?*/s in September. Hence 60%
of the flow is tapped in March, as opposed to only a few percent in
September. The downstream consequences of the water use by Of-
fice du Niger will be discussed in Chapter 6.

Lake Chad Basin

The northern half of the Lake Chad Basin is dry. The lake itself is
fed by the run-off from the southern quarter of the Basin. Three
river systems may be distinguished. The Komadugu/Hadejia/Yobe
river complex rises from the eastern Jos Plateau and flows east to
enter Lake Chad in its northwestern corner. The annual flow into
Lake Chad, measured at Diffa, is limited compared with the flow of
the rivers measured upstream, varying between 4.5 m*/s in 1984 and
20.9 m?3/s in 1986 (source: Global Run-off Data Centre, GRDC; data
from www.grdc.bafg.de). For example, the annual flow of the Hade-
jia River near the town of Hadejia, 300 km upstream of Diffa, varies
between 200 and 900 m?/s (Goes 1997). The decline in river flow can
be attributed to seepage and to evaporation, mainly in the Hadejia-
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The Logone River rises from the Adamawa mountains.

Nguru floodplains (Goes 1999), but, in recent decades, the construc-
tion of dams has also played a part. The Tiga dam (1974), the Chal-
lawa Gorge dam (1992) and the Hadejia dam (1992) withheld 1.3, 1.0
and 1.2 km? of water respectively, while the Kafin Zaki dam (2.7 km?)
on the Jama’are River is still under construction (Fortnam & Ogunto-
la 2004). The total volume of the Tiga and Challawa Gorge reservoirs
amounted to 8% of the total discharge of the Hadejia River in a year

Markala dam on the Niger River near Segou, November 1999.This dam

has been operational since 1947 to irrigate the rice fields managed by
Office du Niger in the Delta mort, an ancient branch of the Niger.



of high discharge (2.4/28.9 km?®), but this increased to 38% in a low-
flow year (2.4/6.3km?*). These dams have an overriding impact on lo-
cal river discharge. However, the effect on the flow into Lake Chad
seems to be limited. According to Oyebande (2001; cited by Fortnam
& Oguntola 2004), only 10% of the total run-off from the Komadugu/
Hadejia/Yobe system reached Lake Chad before the construction of
the dams. In other words, the dams created storage reservoirs at the
expense of the floodplains downstream (see also Chapter 8), but did
not affect the flow in the lower reaches of the rivers.

A much smaller river system is formed by the Ngadda and Yed-
seram river complex. Both flow from the Mandara mountains to the
north, but empty into local floodplains before reaching Lake Chad.
This leaves only one river system to feed Lake Chad: the Chari-Log-
one system. The Logone rises in the Adamawa mountains and joins
the Chari at N’'Djamena. The Chari itself drains the Mongo hills on
the border of Chad and the Central African Republic. To investi-
gate the relationship between rainfall and discharge, we compared
the combined river flow of the Chari and the Logone at N’'Djamena
with the annual rainfall averaged over 24 meteorological stations
in the catchment area of both rivers (Fig. 20). The annual variation
in rainfall is relatively small, compared with rainfall on the Upper
Senegal (Fig. 15) and Upper Niger (Figs. 18 and 19). In the wet years,
around 1930 and 1950, annual rainfall amounted to 1300 mm. This
decreased to 1200 mm in the dry 1940s and to 1100 mm during
the Great Drought in the 1980s. Although annual rainfall does not
vary much, it has a large impact on the discharge. During the Great
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Fig. 20 Lake Chad Basin, showing three storage reservoirs (Lake Maga
along the Logone River; Lake Tiga and Lake Challawa on the tributaries
of the Hadejia River), the hydrological station of N'Djamena and 24 long-
term meteorological stations in the catchment area of the Chari and
Logone.

Drought, the discharge decreased from 1400 to 500 m?/s. When rain-
fall gradually increased again after 1985, the discharge increased
to 900 m?/s, but the river flow is being increasingly reduced by up-
stream irrigation.

Olivry et al. (1996) analysed the river discharge in the Lake Chad
Basin for the period 1953-1977 and concluded that annually about
1.9 km?* (or 60 m?*/s) was extracted for irrigation, equivalent to 5% of
the average total water flow. Vuillaume (1981) arrived at an irriga-
tion loss of 2.5 km?(or 79 m?/s) for 1965-1977. This further increased
to 10 km? (292 m?¥/s) in 1990-1991 (Coe & Foley 2001), with a marked
impact on the discharge in N’'Djamena (red line in Fig. 21). Because
statistics on annual water use are lacking, the red line is based on
the assumption that water use was 0 in 1953, 79 m?/s in 1980 and
292 m®/s in 1991, with interpolated values for the years in between.
We found no data on further extension of the irrigation schemes,
and therefore assume that irrigation between 1991 and 2006 re-
mained at the same level. Chapter 9 will describe the consequences
downstream.

Hydrological versus meteorological drought

The comparison between rainfall and the (reconstructed) discharge
in the various basins reveals a large variation in river flow and a much
smaller variation in rainfall. ! This larger variation in river discharge
is an important ecological asset of the Sahel. The explanation hinges
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Fig. 21 Annualrainfall in the catchment area of the Chari (dark blue
symbols, left-hand y-axis) averaged over 24 rainfall stations, and the
average annual river discharge in N'Djamena (light blue symbols,
right-hand y-axis). The trends show 9-year running means. The red
line indicates the reconstructed river discharge had there been no
irrigation. See Fig. 20 for the location of N'Djamena and the 24 rainfall
stations.
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The Niger is a typical dryland river with a large seasonal variation in water level; downstream of Mopti, 26 September 2006 and 8 February 2007.

on the cumulative effect of rainfall on river discharges: dry years low-
er the discharge, but it takes a number of wet years subsequently to
attain a high discharge (see Figs. 15, 18, 19 and 21). In other words,
river discharges not only relate to rainfall in the preceding wet sea-
son, but, to a large extent, to earlier wet seasons as well. 2

Olivry (1987), studying the Senegal River, was the first to note the
decrease in discharge after a series of dry years. He hypothesised
that the discharge was insufficient to keep the groundwater table at
a certain level; in turn a low groundwater table increased seepage of
surface water. In the catchment area of the Bani, Mahé et al. (2000)
did indeed find that a low discharge goes with a low groundwater
level. Similarly, for the Hadejia-Nguru floodplains, Goes (1999)
showed that regular flooding is necessary to recharge groundwater
resources. According to Ngatcha et al. (2005), the groundwater level
in the Logone floodplains decreased by 3-10 m after a series of dry
years. Groundwater deficits apparently differ between river systems,
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being more pronounced for the Bani and the Chari/Logone than for
the Senegal and the Niger. The most likely explanation is that the
exchange of water between river and groundwater varies in conjunc-
tion with soil type, reduced exchange in rocky areas and increased
exchange in sandy soils.

Over a period of years, the cumulative effect of rainfall on river dis-
charge has been christened ‘phreatic drought’ (Bricquet et al. 1997),
to indicate specific stream drought as opposed to ‘meteorological
drought’. Since aquifers have a response time of several years fol-
lowing changes in climate, phreatic drought will always show a de-
layed effect compared with meteorological drought. Any restoration
of the hydrological regime should last as long as it took to bring it to
its current state of degradation (Bricquet et al. 1997). Hence, mete-
orological drought produces a prolonged and delayed hydrological
drought. But the effect also works the other way around: hydrologi-
cal drought affects meteorological drought because evaporation in-



creases when there is more surface water and higher soil moisture
content (Nicholson 2001). This phenomenon partly explains why
wet and dry years in semi-arid areas may persist for several years in a
row.

The flow of West-African rivers will decrease in the future, owing
to the expected reduction in rainfall (Chapter 2). But even if rainfall
does not decrease, a reduced river flow is to be expected, given an in-
creased evaporation rate in conjuction with the rise in temperature.
A small reduction in rainfall causes a substantial drop in river flow,
most evident in an arid land river such as the Bani. This effect was
confirmed by De Wit & Stankiewicz (2006) who compared rainfall
with drainage of African rivers. They found that with a 10% decrease
in rainfall, drainage would drop by 17% in regions where annual
rainfall was 1000 mm, but the impact was much greater (50%) in re-
gions with only 500 mm of rainfall.

Endnotes

1 The discrepancy between discharge and rainfall, as measured by the relative
standard deviation (sD as percentage of the mean, or RsD), amounts to a factor
2 in favour of discharge in the Chari/Logone and the Niger, a factor 3 for the

Senegal and as much as a factor 4.4 for the Bani (Table 1).

Table 1 Rainfall and reconstructed ‘natural’ discharge (excluding the effects of
storage reservoirs and irrigation): average (x), standard deviation (SD) and standard
deviation as percentage relative to the mean (RSD), calculated over the same pe-
riod (1922-2005). Data extracted from Figs.15,18,19 and 21. Note that the discharge

refers to the peak discharge in September, but to the annual average for the Chari/

Logone.
country rain, mm natural discharge, m*/s
sD RSD,%
Senegal 1298 193 14.9 2977 13N 44.0
Bani 1081 125 1.6 2007 1027 51.2
Niger 1467 170 1.6 5001 1292 25.8
Chari/Logone 1220 126 10.3 1039 230 221

2 Amultiple regression analysis shows that — at least for the Bani and the Chari/
Logone —discharges depend on the rainfall of as many as four preceding years.

For the Senegal and the Niger, this effect was not significant, however.

Rivers 35



e 44=—."""""‘“"‘""""’ o -:-‘.".'.-“- N -_\»:F-,—-— = i ¢ T T ST

The vegetation in the Sahel is primarily governed by rainfall. The 50 mm rainfall isocline is often considered as the
transition between Sahara and Sahel, as it delineates the minimum precipitation required for grass to grow, which
in turn determines the northern limit of grazing grounds for cattle and wildlife. Another important bottleneck is set
by the 400 mm isocline, below which rain-fed agriculture is seldom possible. In the Sahel, drought-resistant cereals
(e.g. sorghum and millet) are grown where the annual rainfall range is 400-800 mm. Nicholson (2005) calculated
the position of the three key boundaries (50,100 and 400 mm) in the western Sahel for the period 1998-2003. The
position of the 50 mm isocline varied between 19.3 and 27.0°N, a 400 km-wide belt. Such variation was smaller for
the 100 mm isocline, fluctuating between 18.3 and 21.1°N, a belt some 150 km wide. The 400 mm isocline showed very
little variation in these six years, shifting only between 15.1and 15.8°N (less than 40 km). This means that the area an-
nually available for grazing varies more in extent than that used as cropland. Although a dry year has an immediate
effect on annual vegetation, the effect on perennial vegetation is less direct. The scattered old acacia trees along the
southern edge of the Sahara are living proof of a wetter climate in the past, although the latest long-lasting drought

claimed many such trees.
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Introduction

Five different eco-climatic zones are usually distinguished in West
Africa: the Sahara desert, the Saharo-Sahelian zone, the Sahelian
zone, the Sudano-Sahelian zone and the Guinea zone. The Saharo-
Sahelian zone comprises essentially barren soil that holds a cover
of perennial grasses in depressions and wadis. Rain permitting, the
sparse vegetation is grazed by cattle, sheep and goats until the burn-
ing sun withers the grass. The Sahel can be characterised as savan-
na, dominated by annual grasses, scattered spiny shrubs and acacia
trees. This land is used by resident and nomadic herders. Depres-
sions allow some cultivation of millet, but only as a risky enterprise.
The Sudano-Sahelian zone is also covered by annual grasses, but
acacias are replaced in part by other tree species. Farmers grow not
only millet, but also sorghum. The Sudan zone appears somewhat
park-like - its biomass is greater, comprising taller, perennial grass-
es, shrubs and trees. The growing season extends over four months,
one month longer than in the Sudano-Sahelian zone. A greater va-
riety of crops is grown (e.g. maize, peanuts and rice). The zoning of
the major vegetation types relates closely to rainfall (Fig. 22).

There is some disagreement in the literature about how to dif-
ferentiate these five zones. For instance, the Sahel proper has been
variously defined as the zone limited by the 100-700 mm, 150-600
mm, 200-400 mm, 250-500 mm and 300-700 mm isoclines. This is
not surprising because the transition from dry Sahara to wet Guinea
zone is gradual. This introduces an unavoidable arbitrary element
into definitions of zones, which also vary between years, depending
on rainfall.

As well as rain, fire is another major ecological factor in the re-

gion, eliminating fire-sensitive species from the savanna and fa-
vouring grassy vegetations (van Langevelde et al. 2003). Farmers
and herders both use fire as a management tool, benefiting from
the direct effect of the additional release of nutrients, thus stimulat-
ing plant growth, but the long-term effect may be negative due to
over-use reducing soil fertility. *

Vegetation index

The primary production of the vegetation in the Sahel has been
studied since the 1980s by remote sensing techniques, which pro-
vide red and near-infrared spectral data (Tucker 1979, Tucker et al.
1985). The advantages of satellite-produced information are that
large areas can be measured directly and that green-leaf biomass
integrates many ecological variables (Skidmore et al. 2003, Kerr &
Ostrovski 2003, Turner et al. 2003, Seto et al. 2004, Pettorelli et al.
2005, Xiao & Moody 2005). This kind of data is now available for a
long series of years. *

NDVI-images vividly show the seasonal variation in the ‘green-
ness’ of the Sahel. During the peak of the rainy season (mid August),
this differs dramatically from that seen two and four months later
(Fig. 23). Annual differences may also be striking. In the extremely
dry year 1984, the southern region of West Africa started off greener
in August than it did in the relatively wet year 1999. Each year, the
vegetation successively dies back until the next rainy season, but this
process accelerates during the dry season, when the deficiency in
precipitation from the preceding rainy season is greater than aver-
age (compare October and December for 1984 and 1999; Fig. 23).

barren and sparse vegetation
open shrublands
grassland
cropland / natural vegetation
cropland
savanna
woody savanna
forest 20°N
100 permanent wetland
water
200
400
Fig. 22 Simplified vegetation map of western
800 Africa, with 100, 200,400, 800 and 1600
mm isoclines. The vegetation map is based
10N on the global land-cover map, produced
1600 by the International Geosphere-Biosphere
Programme-Data and Information System
(1cBP-DIS) from remote sensing data covering
1992-93 (http://edcsns17.crusgs.gov/glcc/glec.
10°W 0° 10°E 20°E html). Isohyets taken from Fig. 2.
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1984 1999

August

October

December

Fig. 23 The green vegetation in West Africa in August, October and December of a very dry year (1984; left) and a relatively wet year (1999; right). The
greenness is based on NDvi-values, as measured by the NOAA-AVHRR. Images downloaded from http://www.fews.net. The vegetation-index has not
been measured in the Sahara proper; in all images the desert is depicted with the same sandy colour.
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The Sahel may seem untouched by man from a distance, but a closer look reveals that the landscape is shaped by grazing (sheep: Mali, cow: Niger),

farming (Mali) and burning (Burkina Faso).

Seasonal and annual variation in the NDVI

The Advanced Very High Resolution Radiometer series * can be used
to study the seasonal and annual variation in greenness. In our
analysis, we divided the Sahel into a western (20-0°W) and an east-
ern sector (0-20°E), both sectors covering seven latitudinal zones (8-
10, 10-12, 20-22°N). For each of the 14 zones, we calculated average
NDvI values for available decadal data. The seasonal variation in the
NDVI for the western sector (10-12°N) is large, i.e. above 0.5 during
the peak of the rainy season (indicating a dense green vegetation),
and below 0.2 at the end of the dry season (indicating a low coverage
of green vegetation). Annual maxima and minima also show wide
year-to-year variations in the NDvI-values (Fig. 24).

In the zones of 12-14°N and 14-16°N the peak in greenness is
reached in early August, and slightly later (mid-August) in the zones
of 8-10°N and 10-12°N. The rains arrive earlier in the south (Fig. 5),
which explains why the NDvr starts to increase 1-3 months earlier

than in the north. NDvI-values in the northern regions decrease un-
til May.

Peak NDvI-levels differ little between the 8-10°N and 10-12°N
belts, primarily because green biomass can be measured only up to
a certain saturation level. The seasonal pattern in NDv1 for the 12-
14°N belt in the western sector of the Sahel resembles that for 10-
12°N in the eastern sector. Another latitudinal shift in NDvI within
West Africa is visible between the western 14-16°N belt and the east-
ern 12-14°N belt (Fig. 27). These shifts parallel the vegetation zones
that do not - as shown in Fig. 2 - align strictly with latitude. Simi-
larly, the isoclines show that the Sahara desert encroaches further
southwards in the eastern section of West Africa (Figs. 2, 22).

Since the start of the NDvI-measurements in 1981, the Sahel has
been less green up to 1994, with particularly poor results in 1984
and 1993 (Fig. 26). From 1993 onwards, greening has improved sub-
stantially, a trend also visible in the rainfall anomaly (Fig. 26).

Rain has an immediate and significant effect on the vegetation
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Fig. 24 Decadal variation of the NDpvi-value

in the regions covered by 18-0°W and 12-14°N
between July 1981 - December 2004 (846 NDVI-
measurements referring to data from 36 decades
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The dry season in the Sahel is characterised by dust, obscuring the view

and coating everything with a film of fine sand particles. Sandstorm
and whirlwind in Burkina Faso, August 1985 and in Senegal (with
Baobab). Even when the wind drops after gusty days, dust remains in
the air for a considerable period of time. Blue skies are a rare commodity
in the dry season; instead a yellow mist predominates in dry years
(Great White Pelicans in the Inner Niger Delta).
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Desertification

Do droughts create deserts? Or do deserts create droughts? The
extension of the Sahara between 1970 and 1990 (Nicholson et
al. 1998) was generally believed to be caused by human-induced
irreversible degradation. The reasoning was simple. Humans turn
semi-arid drylands into deserts via deforestation, overstocking
of pasture land and depletion of cropland. This non-sustainable
use of land causes a decrease of vegetation cover, soil moisture
and ground water table, as well as an increase of wind and water
erosion and a loss of nutrients. The Sahel drought in the early
1970s and the apparent marching south of the Sahara Desert
were the triggers to convene the United Nations Conference on
Desertification (uncob) in Nairobi in 1977. The follow-up was
entrusted to the United Nations Environmental Programme
(UNEP). The United Nations Conference on Environment and
Development (UNCED), held in Rio de Janeiro in 1992, concluded
that desertification affects 70% of the world’s dryland (UNEP 1993).
It was decided to establish the United Nations Convention to
Combat Desertification, the unccp. Desertification was defined at
the Rio conference as “land degradation in arid, semi-arid and dry
sub-humid areas resulting from various factors, including climatic
variations and human activities”. By accepting climatic variation
as one of the causes of desertification, the concept has lost its
original meaning as man-induced, irreversible land degradation
(Mortimore & Turner 2005). The original definition was based
on the misconception that arid environments are in equilibrium.
Moreover, the claim of desertification in the Sahel was derived
from observations and some empirical data collected during a
period of declining rainfall.

Based on remote sensing data and field work in Sudan, it could
be shown that changes took place in response to drought, but
that there was no reason to assume a longer-term human impact
(Helldén1991).Rasmussen et al. (2001),working in fossil sand dunes
in northern Burkina Faso,combined aerial photographs with recent
high-resolution satellite data, field work and interviews with local
people. The title of their paper ‘desertification in reverse’ already
draws their conclusion: the apparent desertification between the
early 1970s and mid-1980s has been reversed in the 1990s after
the rains returned. Tucker et al. (1991), Tucker & Nicholson (1998),
Nicholson et al. (1999) and Prince et al. (1998) reached a similar
conclusion for the Sahel as a whole. What has been interpreted as
human-induced desertification appears to be the natural response
of a semi-arid environment to climatic variation. This does not
imply that humans do not influence the Sahelian environment.
Irrefutably, there has been deforestation; the hypothesized soil
nutrient depletion will be covered in Chapter 5. However, we will
first consider the effect of soil erosion.

Clear proof of the irreversibility of desertification seems to be
the so called ‘Sahara plume’, dust blown from the Sahara and the
Sahel. Satellite images provide spectacular examples of Sahara



plumes, as shown here for 11 February 2001 (Fig. 25). Seven studies
estimated the dust produced in the Sahara + Sahel at a minimum
of 130 million tonnes per year and a maximum of 760 million
tonnes (Goudie & Middleston 2001). Total dust emission to the
atmosphere varied, according to five of these studies, between 500
and 3000 tonnes per year. Two questions are relevant. What is the
contribution of the Sahara proper, and of the Sahel to the Sahara
plume? And if wind erosion also removes part of the topsoil in the
Sahel, to what degree is this due to human land use?

Visibility measurements are an obvious, albeit indirect,
indication that the Sahel produces a significant part of the Sahara
plume. Visibility is a standard measure of many meteorological
field stations, including those in the Sahel. There were only
relatively few ‘dust days’ per year until about 1970, but many more
during the droughts. In Gao (eastern Mali), the number of dust
days increased from nearly none in the early 1950s to almost daily
in the mid-1980s. The number of dust days was highly negatively
correlated with rainfall in the three foregoing years (N'Tchayi et al.
1994,1997).

Darwin had already noted in 1833, while he was on the Beagle
near Cape Verde, that the hazy atmosphere must be due to very
fine dust blown by the wind from Africa. Visibility has been

Mauritania

Senegal

Fig. 25 Dust from the western Sahara is blown over the Atlantic Ocean,

11 February 2001. From: http://veimages.gsfc.nasa.gov.

studied and measured in the Caribbean in recent decades; at
Barbados a significant linear relationship was found between
Sahelian rainfall and local visibility (Nicholson et al. 1998). Since
annual rainfall in the Sahara desert is always close to zero, it is
unlikely that all dust would originate from the Sahara. N'Tchayi
et al. (1994, 1997) suggested that normally most dust originates
from the Sahara, but that during the Great Drought more than
half of the dust came from the Sahel. Tegen & Feng (1995) arrived
at the same conclusion and estimated that 20-50% of the global
dust load was derived from ‘disturbed soil’ These data have been
challenged in recent years.

Brooks & Legrand (2000), using precise infra-red channel
measurements from the METEOSAT satellite, described in detail
where and when dust was produced. They concluded that nearly
all dust is being produced in the Sahara desert, particularly in the
western Sahara between 20 and 25°N (Mauritania, Mali, Algeria)
and further east between 13 and 25°N. Despite a high correlation
between dust production and rainfall in the preceding 1-2 years
in the northern Sahel zone (15-17°N), they found no evidence that
dust came from the Sahel.

To detect aerosols, Goudie & Middleston (2001) and Prospero et
al. (2002) used uv measurements from the Total Ozone Mapping
Spectrometer (Toms) on board another satellite. A comparison of
dust production worldwide in 1980-92 showed that the Sahara
produced more dust than all deserts and dry lands in the world
together, that three of the four largest dust producers in the world
are found in the Sahara, and that the Bodélé area north of Lake
Chad is by far the biggest dust producer in the world (Prospero et
al. 2002). The extremely dry Bodélé depression produces so much
dust because its soil consists of clay; about 10 000 years ago water
filled this drainage basin of Lake Chad almost to capacity. The
strong Harmattan wind completes the optimal scenario for dust
production in thisinhospitable region. Goudie & Middleston (20071)
and Prospero et al. (2002) concur with Brooks & Legrand’s (2000)
conclusion that nearly all dust is being produced in uninhabited
areas with less than 200 mm rain per year. Although fertile ground
has been blown away from the Sahel during the Great Drought,
the suggestion that the ‘Sahara plume’ in dry years was mainly
due to dust produced in the Sahel has been convincingly shown
to be false.
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Paired photo from the Sahel-Sudan zone in central Senegal in 1984 and 1997 (top) showing extension of cropland (groundnut and millet), but also
more trees; Acacia woodland near Dagana (North Senegal) on 14 october 1983 and 31january 1994, showing loss of trees from cutting (bottom);
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satellite images of the surroundings of Dara (40 km NE of Dakar, Senegal) showing denser tree and scrub cover in 1965 and open tree and scrub cover
in 2005. Grazing in the Sahel extends beyond mere grasses and herbs. In the dry season, the diet of goats in the Sahel includes leaves of trees and
bushes. Goats normally can reach up to a height of 120 cm (left), although they can sometimes be seen climbing a tree), dexterously clipping the

leaves in between the long spines of Acacia seyal (middle). Due to the permanent grazing pressure, palatable branches and leaves below the 120 cm
line are systematically sheared (Salvadora persica tree; right). (Northern Mali, February 2009).
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Bush fires in the dry season may turn into big fires.

in the Sahel (Hess et al. 1996, Olsson et al. 2005, Anyamba & Tucker
2005). Statistical analysis shows that rainfall in the preceding year
also has an impact on vegetation * (Camberlin et al. 2007). On a
longer timescale, delayed effects of climate change on vegetation
are even more marked (Breman & Cissé 1977). Olsson et al. (2005) ar-
gued that the recent greening of the Sahel cannot be fully explained
by increased rainfall, and put forward other contributing factors
such as improved land management, higher agricultural productiv-
ity and - regionally important - neglect of cropland due to political
unrest and armed conflicts. Herrmann et al. (2005) arrived at the
same conclusion.

Other factors, beside rainfall, determine the variation in NDVI.
The seasonal course of the NDv1 in the Sahel has been shown to dif-
fer, for instance, between cropland and forest (Li et al. 2005). It also
differs for sandy and clay soils (Kumar et al. 2002), related to the
variation in soil moisture. The vegetation may remain green longer
in the dry season, despite the burning sun, if soil moisture does

not decrease too much. This explains why the seasonal variation in
NDVI is much smaller for floodplains than for the surrounding dry
land, and also why the Inner Niger Delta and Lake Chad remain vis-
ible as green ‘oases’ in the October and November images (Fig. 23).
For the same reason, the NDv1 in open grassland varies more than
ecosystems dominated by trees (Chamberlin et al. 2007).

Analyses of NDvI-data in the Sahel, usually based on satellite im-
ages with a higher spatial resolution, could show long-term effects
of land use change, deforestation, overgrazing and land degradation
(Thiam 2003, Li et al. 2005). The NDvI-index is a powerful tool to de-
scribe the variation in green biomass: the data summarised in Fig. 26
will therefore be used in later chapters as a green vegetation index.
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Fig. 26 Annualvariation in the NDvI (anomaly in the period September-
February; data from Figs. 24 and 27; left axis) and rainfall (anomaly; data
from Fig. 9; right axis) in the Sahel. From: NOAA.
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Fig. 27 Seasonal variation of the vegetation-index (average NDvi for all decades between May and April for 24 years (1981 - 2004)), given separately
for the western and eastern Sahel and four different latitudinal zones. From: NOAA.
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An early sunset due to dust in the atmosphere during the dry season.

Floodplains

The major African floodplains are associated with rivers that have
strong seasonal differences in volume (Denny 1993). These include
the Zambezi, Nile and Niger Rivers, as well as the rivers flowing into
Lake Chad and their tributaries. Spilling of the river water over the
levees onto the associated floodplains can take place from once to
several times a year. The regularity of flooding and its depth and
duration obviously influence what plant and animal species are
present (Denny 1993).

Maximum flood depth also determines above-ground biomass
production of perennial grass communities in African seasonally
flooded grasslands (Scholte 2007). Under deeply inundated circum-
stances, i.e. more than 2 m, above-ground standing herbaceous bio-
mass may reach 30 ton dry mass per ha (Hiernaux & Diarra 1983), up
to ten times as high as in surrounding dryland areas (Le Houérou
1989). The forage quality on floodplains, when characterised by
its protein-content, is generally negatively correlated with above-
ground biomass. At the end of the flooding season, these floodplains

are covered with a large quantity of grasses of below-maintenance
quality (Breman & de Wit 1983; Hiernaux & Diarra 1983; Howell et al
1988). The main grazing asset of the seasonally flooded grasslands
is regrowth, which is of much higher quality. This regrowth is trig-
gered by burning and grazing, and gradually becomes available dur-
ing the dry season (Hiernaux & Diarra 1983; Howell et al. 1988; P.
Scholte unpubl.). On the Inner Niger Delta floodplains, regrowth
biomass was found to be a linear function of previous above-ground
biomass (Breman & de Ridder 1991), and thus indirectly a function
of maximum depth of the preceding flood.

Endnotes

1 The mobpis spectroradiometer on board of the TERRA spacecraft may register
thousands of fires throughout the Sahel simultaneously, varying in extent and
number during the year; see http://www.terra.nasa.gov.

2 One of the measures frequently used is the Normalised Difference Veg-
etation Index (NDvi), which is defined by the formula: NDVI = (NIR = vIS) /
(NIR + vis), where NIR stands for solar radiation in the near-infrared and
vis for solar radiation in the visible wavelengths. The NDviI function is in-
dicative of the abundance and activity of leaf chlorophyll pigments and
thus a proxy for photosynthetic activity of terrestrial vegetation. When
vegetation occurs the Npvi is usually larger than 0.1. Dense vegetation ex-
ceeds the value of 0.5. The NDviI proved to be a goldmine for researchers.
The Advanced Very High Resolution Radiometer (AvHRR) aboard the NoAA me-
teorological satellites, used in measuring spectral data, has been operational
since July 1981. The data have a spatial resolution of 4 km, but are distributed
at a resolution of 8 km. The latter results in a coverage of the Saharo-Sudan
transition zone by 360 rows times 750 columns, thus 270 000 ‘pixels’ The data
(maximal values per decade) are freely available and can be downloaded from
http://www.fews.net. The NDvI data set of the Sahel has been the topic of sev-
eral studies (e.g. Tucker et al. 2005).

3 To analyse the annual variation in NDvI, we calculated the deviation between
the average decadal values, as shown in Fig. 27 and the measurements of the
different years. These deviations were averaged for the following September
through February, i.e. covering 24 decadal measurements. Since the average
anomaly values for the different zones did not appear to differ between the
years, they were again averaged.

4 The vegetation anomaly in year | (V) may be described as a function of the
rainfall anomaly (R) in the same year: V, = 0.00956 + 0.00082R, The relation-
ship between rainfall and vegetation cover, although significant (p<0.007) is far
from perfect: R? = 0.41. The fit improves significantly (R* = 0.52) if the rainfall
during the year before (R ,) is added to the equation:V, = 0.01384+ 0.00075R +
0.00042R .
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Africa is a continent where ecological problems are larger than life. This holds in particular for the Sahel, which

has been badly hit by simultaneously occurring disasters: loss of vegetation cover and soil moisture, desertification,
exhaustion of cropland, land degradation, soil erosion, deforestation... The list seems endless, and these problems
become even more pressing in the light of Africa’s steep population growth. The questions surrounding human-
induced climate change and desertification have already been discussed in chapters 2 and 4. The idea that the Great
Drought in the 1970s and 1980s was linked to land abuse and vegetation loss in the Sahel was universally accepted
in the 1980s and 1990s. This hypothesis lost much of its attraction when it became clear that rainfall in the Sahel
largely depends on variations in the surface temperature of the tropical and subtropical oceans. Most researchers
now believe that land use has not triggered, but rather reinforced, the decline in rainfall, thus hampering recovery
to pre-drought levels. In this chapter, we investigate the changes in land use and the concomitant changes in land
cover in the Sahel, particularly in the face of the growth of the human population in the Sahel and the expanding
demands on food, water and energy.
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The food demand of an expanding human
population

In the early 2000s, the human population in most African countries
increased by about 3% per year. According to the FAO (FAOSTAT 2005),
the population increase is highest in Niger (3.15%) and The Gambia
(3.41%), but still reaches about 2.5% in the other Sahel countries. At
a rate of increase of 2.5%, the population doubles within 28 years,
but at 3%, doubling takes only 23.5 years. From fewer than 20 mil-
lion inhabitants in the mid-20™ century, the population in eight
Sahelian countries has expanded to over 60 million at the start of
the 215 century. Contrary to most other countries with a high popu-
lation growth, this increase is projected to increase further in the
2010s (e.g. Niger 3.5 % according to the Human Development Report
2007-2008 of the UNDP. The Sahelian population size may reach 130
million in 2030 (Fig. 28).

Population growth differs markedly between urban and rural
populations. The figures for Mauritania are most striking in this re-
spect: between 1961 and 2003 many people moved to the cities of
Nouadhibou and Nouakchott, which expanded from 65 000 to 1.8
million inhabitants; the total population increased from 1 to 2.9
million, but the rural population by only 10% to 1.1 million. A simi-
lar pattern applies to the other Sahel countries. In 1970, at most 20%
of the people in West Africa were city dwellers. In the early 2000s,
half of the population in West Africa already lived in cities. Because
the growth rate in cities is twice that in the countryside, city dwellers
will vastly outnumber the rural population by 2020.

The change in land use would probably have been different with-
out urbanisation. The environmental effects of urbanisation are
manifold. First, people in Sahelian cities use charcoal instead of
firewood to prepare their meals and, although charcoal stoves are
more efficient than woodstoves, this does not compensate for the
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Fig. 28 Population growth in eight West-African Sahelian countries.
Source: FOASTAT (2005).

The human population in the Sahel increases by 3% per year.

75% loss of wood energy during charcoal production (Ribot 1993).
As a consequence, city dwellers in Senegal in the late 1980s (25% of
the population) consumed well over half of the total primary wood
energy. Secondly, the growing urban population needs ever more
drinking water. Dakar (2.3 million inhabitants in 2004) derives its
drinking water from Lake Guiers, a large reservoir created along the
Senegal River. And Kano, in northern Nigeria, could not have ex-
panded to a city of 1.2 million people without the dams built across
nearby rivers. Thirdly, the per capita energy demand, although still
lowin the Sahel, is higher in cities than in the countryside. The main
reason for creating the Selingue reservoir in the Upper Niger was to
produce electricity for Bamako, the capital of Mali (1.7 million in-
habitants in 2007).

Urbanisation also has indirect effects on land use. In West Af-
rica, many city dwellers eat bread and rice, rural people mostly
millet and sorghum. Consequently, urbanisation affects the crops
being grown. For example, in Mauritania, the production of millet
and sorghum actually decreased between the early 1960s and early
2000s by 30% (FAOSTAT 2005). To cover the shift to eating baguettes,
wheat imports increased in Mauritania from 11 000 tonnes in the
early 1960s to 300 000 tonnes in the early 2000s. At the same time
rice consumption rocketed. Because rice was not grown in Mauri-
tania in the 1960s, 10 000 tonnes had to be imported annually to
cover the demand. Forty years later, 40 000-50 000 tonnes were lo-
cally produced to supplement the import of another 40 000 tonnes.
Millet, and to a lesser degree sorghum, can be grown in semi-arid ar-
eas, but rice plants need wet roots. The shift from millet to rice pro-
duction in the Sahel required the cultivation of natural floodplains
and the creation of irrigated areas.

The Mauritanian data in the Fao food balance sheets show that its
trebled population was fed mostly with imported cereals and im-
ported milk. Similarly, in Senegal food consumption increasingly
is covered by imports (Fig. 29). Here, the shift from millet to rice
consumption was covered partly by an increase in rice production
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The staple food of the rural population consists of sorghum and millet,
crops that are adapted to dry environments. City dwellers, on the other
hand, prefer rice and bread, necessitating increasing imports and the
construction of irrigation schemes.

from 50 000 tonnes in 1960 to 150 000 tonnes in 2000; the import of
rice rose more steeply from 100 000 to 800 000 tonnes. In contrast

to Mauritania and Senegal, the other Sahelian countries have en-
larged their national food production to a greater extent, as shown
for Mali (Fig. 29), and imports are limited mainly to wheat and rice.
Extremes in annual food production (poor years were 1971-1973,
1982-1987 and 1990; good years were 1978, 1988, 1994, 1998, 1999
and 2003) are related to local rainfall (Figs. 7 and 9). The early 1970s
and 1980s were years of starvation, and much food was imported to
prevent a still larger disaster. Nevertheless, even in these drought-
stricken years, local food production was still much higher than the
imported totals.

Dry and wet years have a direct bearing on cereal production. The
effect on livestock is more delayed, because it takes time to replace
the depleted herds of cows, goats and sheep. Nevertheless, the gen-
eral pattern has been one of marked increase in livestock since the
1960s. For the five western Sahel countries combined, meat produc-
tion increased from 250 000 to over 800 000 tonnes between 1961
and 2003 (c. 3.5%), just keeping ahead of the growth of the human
population (Fig. 28). In this 42-year period, milk production doubled
from 750 000 to 1500 000 tonnes, but when the import of 300 000-
400 000 tonnes of milk since the 1980s is taken into account, the per
capita milk consumption remained stable.

From these data we conclude that, with the exception of Senegal
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and Mauritania, the increase in agricultural production sufficed to
cover the food demands of the growing population. How could this
be, given the plethora of studies on desertification, land degrada-
tion and declining soil fertility in the Sahel?

Cropland

The Sahel has poor soils and an unfavourable climate for agricul-
ture (Breman et al. 2001). Nevertheless, the area covered with millet
in the eight western Sahel countries doubled from 4.5 million ha in
the early 1960s to 9 million ha 40 years later. In the same period,
sorghum increased from 3 to 5.5 million ha and rice from 0.4 to 0.8
million ha (Fig. 30). The increase of arable land differs per country
(Table 2), with a decline in Mauritania, small expansions in Senegal,
Guinea-Bissau and Chad and large increases in The Gambia, Mali
and Niger. The area of productive arable land covers only a small
fraction of the northern countries (Mauritania, Mali, Niger), but
takes a larger fraction of the southern countries (The Gambia, Guin-
ea-Bissau, Burkina Faso). Part of the arable land is not cultivated but
laid fallow and, especially in dry years, a harvest is not always forth-
coming from the cultivated land. According to FAo-statistics, the
total area of arable land in most countries and most years is about
twice as large as the harvested area. Land use statistics collected by
the FAO pertain to very global data, but there are several detailed
studies which have quantified the increasing surface of cropland.*

Table 2 Total surface area of seven countries and the area used for
cereal production, averaged for 1961-1963 and 2001-2003 (million ha).
The last column gives the average annual change between 1961-1963
and 2001-2003 (same data as Fig. 29, but including the surface area of
maize, fonio and wheat).

Country Total surface  Harvested  Harvested Change,%
1961-1963 2001-2003
Mauritania 102.52 0.25 0.12 -13
Senegal 19.25 1.01 116 0.4
The Gambia 1.00 0.08 0.18 3.1
Guinea-Bissau 3.16 0.10 0.13 0.8
Mali 122.02 1.60 3.28 2.6
Niger 126.67 2.27 711 5.4
Burkina Faso 27.36 1.86 3.25 1.9
Chad 126.00 1.27 1.89 12

A second way of improving food production would be to increase
the yield per ha. With similar amounts of rainfall, the yield of mil-
let after 1984 is 5% higher compared to the period before (Fig. 31).
Farmers apparently increased their yield slightly, a conclusion sup-
ported by detailed studies (e.g. Mortimore & Harris 2005, Rey et al.

2005). Until the mid-20" century, farmers used a system of shifting
cultivation in which fallow land was pivotal to avoid depletion of soil
nutrients. The population growth caused a gradual replacement of
this system by permanent cultivation. Despite declining soil fertil-
ity (Penning de Vries & Djiteye 1982, Breman & de Wit 1983), this
was achieved without artificial fertilizers (too expensive to be used
on a large scale). This unavoidably led to nutrient mining, i.e. the
lowering of organic matter in the soil and loss of nutrients, as con-
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Fig. 30 Surface area of arable land where millet, sorghum or rice was
produced in 1961-2005. From: FAOSTAT.
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Millet is grown on T million ha in West Africa.

firmed in later studies (e.g. Stoorvogel et al. 1993). Despite the nega-
tive “nutrient budget”, the yield per ha increased over the years (Ben
Mohammed et al. 2002; Fig. 31). Ridder et al. (2004) reviewed earlier
studies and concluded that fertility decline of communal land far
from the villages was not as large as predicted. The land close to
the villages became more fertile by increasing the usage of organic
material. At least locally, land degradation could thus be avoided
by integrating livestock with cropping (Rey et al. 2005, Mortimore &
Turner 2005).
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Fig. 31 Annual yield of millet (kg/ha), before and after 1984, combined
for eight western Sahel countries, as a function of the annual rainfall in
the Sahel and expressed as percent deviation from the average in the
20" century (Fig. 9). The curvilinear lines are based on second degree
polynomials. From: FAOSTAT.
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Livestock

The African livestock population in 2004 was estimated by the FAO
at 254 million sheep, 239 million cattle and 232 million goats. Some
60% of the sheep and cattle, and up to 66% of the goats, are found in
the 21 countries situated between the Sahara and the tropical rain-
forest, roughly the zone between 5° and 20°N (Fig. 32). In the tran-
sient zone from dry Sahara to rainforest, the distribution of cattle,
sheep and goats is generally limited to the zone where annual rain-
fall ranges between 50 and 1000 mm. With less than 50 mm of rain
annually, vegetation is too scarce to support livestock other than
camels. In regions with more than 1000 mm of rain, the tsetse fly
abounds and sleeping sickness prevents herding the large humped
Zebu cattle. The humpless, longhorn Ngama cattle are resistant to
sleeping sickness but less adapted to the Sahel. Consequently, 80%
of the livestock in the transient zone is found in the Sahel, and 20%
in the Sudan zone (Le Houérou 1980).

Grazing conditions vary seasonally in the area limited by rain-
fall (50-1000 mm). At the beginning of the rainy season, herds start
moving northwards to reach the northernmost grazing grounds
about two months later; rainfall in the northern Sahel is limited to
showers in June - September. The grasslands in the northern Sahel
provide high-quality grazing, but as soon as the green biomass with-
ers at the start of the dry season, herders move southwards again.
During the dry season, livestock feed on left-overs of the harvest,
grasses, and leaves of scrub and trees. Many herders move with their
animals into the floodplains which provide high quality forage (Box
2). This seasonal land use system, known as transhumance, makes
optimal use of temporal and spatial variations in the quality of graz-
ing grounds.

There have always been more farmers than herders in the Sahel,
but the total surface area of the grazing grounds is much larger than
that occupied by croplands. In Mauritania and Chad, for instance,
the arable land only covers respectively 1.3 and 7.5% of the total
land area, but in both countries 30% of the land is used as grazing
grounds (source: FAO). In the northern Sahel, where rainfall is in-
sufficient for cropping, there is no competition between herders
and farmers. However, wherever precipitation exceeds 400 mm per
year, millet can be grown, and farmers will do anything to prevent
herds from grazing on their cropland before it has been harvested.
Direct competition is absent outside the rainy and harvest seasons,
because grazing on crop residues offers forage to the herds and
manure to the farmers (Turner 2004). The situation is more prob-

Fig. 32 Density of cattle and sheep per km? in Africa in 2004. The area
indicated as unsuitable includes deserts, rainforests and protected areas
(Fig. 35). From: Global Livestock Production and Health Atlas, produced
by FAO-AGA, in collaboration with ErGo and the TaLA research group,
University of Oxford, UK (http://www.Fa0.org/ag/aga/glipha).Land cover
is shown for 2000; from http://www-gem.jrc.it/glc2000).
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Box 2

Sahelian floodplains:
important for livestock
and wildlife

The almost featureless floodplains of the Inner Niger
Delta, the Sudd and the Lake Chad wetlands are, once
the floods have receded, home to millions of cattle. The
same can be said of the floodplains of the Zambeziand
other major rivers in Africa, where lethal diseases do
not preclude grazing of cattle. Grazing the floodplains
involves a delicate and complicated system of rights
of passage, water access and management fine-tuned
over centuries but now threatened by recent changes.
By and large the herders use the floodplains when
they can, i.e. after flood recession, when grasses and
herbs of sufficient quality are available. Water avail-
ability generally does not pose problems. Good quality
regrowth is triggered by setting fire to the old, poor
quality growth (Chapter 4).

Sahelian floodplains provide forage for up to ten
times as many cattle compared to surrounding dry-
lands. During the peak of the dry season, a crucial time
for survival, cattle densities in the floodplains are up
to 20-30% higher than in adjacent drylands. Contrary
to common belief the individual condition of cattle is
similar to that of cattle grazing elsewhere; rather, it is
the sheer number of livestock in the floodplains that
stands out. Another misconception relates to the idea
that floodplains form a buffer in times of drought: they
do not. Nonetheless, in the absence of floodplains, the
carrying capacity of the Sahel would be disproportion-
ally smaller. Intensified land use, such as rice cultiva-
tion competing for the same land and water resources,
hits the livestock system at its most sensitive spot,and
reduces the entire region’s capacity to hold livestock.

The Sahelian floodplains are equally important for
wildlife. The collapse of antelope populations, such as
Topi (Box 4), strongly suggests that floodplains have
become inhospitable, notably so during the dry sea-
son.Where floodplains and swamps are not yet grazed
with cattle, as for instance in the Bengweulu Basin in
Zambia, antelopes still abound; after the flood has re-
ceded some 30 000 Black Lechwe Kobus leche smith-
emani leave the woodlands and roam the grasslands
unobstructed by cattle or man (and thanks to the tset-
se fly). Floodplains are equally important to birds, both
African and Palearctic (Chapters 6 onwards). From:
Scholte & Brouwer (2008).

lematic in floodplains and other wetlands, where crops compete
with dry season grazing (Box 2).

The trend among herders to settle (Turner & Hiernaux 2008), and
the steep increase in arable land since the 1960s (to the detriment
of grazing grounds; Fig. 30), did not prevent livestock numbers from
increasing. In fact, FAO statistics for the eight western Sahel coun-
tries show a doubling of cow numbers between 1961 and 2003, and
a still larger increase for goats and sheep (Fig. 33). The dry years
1973 and 1984 killed off large numbers of cattle, sheep and goats,
but after 1984 numbers have doubled in just two decades.

The annual increase of livestock since 1960 differed per country
(Fig. 33); cattle populations in Mauritania and Niger even decreased.
Sheep and goats increased more than cattle, possibly due to an in-
crease of village-based (compared to nomadic) livestock. Sheep
and goat numbers increased least in the two countries where cat-
tle numbers decreased, i.e. Mauritania and Niger. The steeply grow-
ing number of livestock in Burkina Faso, already in evidence in the
1950s (Le Houérou 1980), and the slow increase or even decline in
Mauritania, Niger and Chad, suggest that the increase in livestock
numbers is biased towards the southern Sahel, possibly a side-ef-
fect of reduced rainfall since 1970 having a larger negative impact
on semi-desert than on the Sudan zone.

There are several explanations why livestock in the Sahel has in-
creased during the second half of the 20" century. The first is rain-
fall. The extremely dry years 1973 and 1984 caused mass mortality
among cattle, sheep and goats. The recovery of these losses since
1984 was facilitated by a gradual improvement of rainfall.

Secondly, in the second half of the 20" century thousands of bore-
holes and wells were created across the Sahel, allowing access to
areas without natural watering points. In the past, grazing grounds
were restricted to within 15 km of rivers, floodplains or temporary
ponds (Lind et al. 2003). Thus, transhumance was not only gov-
erned by spatial and temporal variations in the quality of grazing
grounds, but also by the availability of watering places. Man-made
watering points allowed herders to graze their livestock in areas and
during times when they would be otherwise inaccessible. However,
although these watering points created security and an extension
of grazing opportunities in the northern range, they also initiated
social strife (Théboud & Batterbury 2001).

Thirdly, tsetse eradication has opened much of the southern graz-
ing range. In the area in central Africa infested with tsetse fly, cover-
ing some 10 million km? and known as “the Green Desert”, neither
cattle nor horses can survive (Fig. 32). Pesticides such as DDT, and,
more recently, sterile insect technology, have eradicated the tsetse
fly in many places, albeit often only temporarily. If such methods
were successfully applied on a large scale, it would facilitate vast ar-
eas for use by livestock and people, wiping out the remaining wild-
life concentrations in West-Central Africa.

Fourthly, livestock husbandry and cropping have become in-
creasingly integrated. During the dry season, cattle are nowadays
fed with supplementary fodder, such as groundnut, cotton cake and



Herders move with their cattle, goats and sheep between the northern Sahel (July-September) and the Sudan zone (November-April).

cowpea haulms, sometimes imported from far away (Mortimore &
Turner 2005). Herders in the Inner Niger Delta grow a floating grass
species, Echinochloa stagnina, locally known as bourgou, to be used
as fodder during the dry season (see Chapter 6). As a consequence,
cattle numbers may exceed the maximum as determined by the
carrying capacity of grazing land alone (Mortimore & Turner 2005).
The dichotomy between nomadic herders and resident farmers has
also become less clear-cut. Increasingly farmers have some cattle
that graze on village land. Herders have also diversified into own-
ing some arable land. Many city-dwellers now hire herders to graze
their livestock (Rey et al. 2005, Turner & Hiernaux 2008). Although
these changes have enhanced the efficiency of the system, they have
also caused tensions, for instance when centuries’ old agreements

to graze nomadic herds on farms were cancelled to allow grazing on
crop residues by resident cattle exclusively (Théboud & Batterburry
2001, Turner 2004, Moritz 2002).

Forest

The expansion of cropland and the increase in livestock were pre-
ceded by clearance and degradation of woodland, where cutting
and felling exceeded regeneration. It is widely accepted that the
Sahel and Sudan zones have been subjected to deforestation. How-
ever, Fairhead & Leach (1995) found no ‘savannisation’ near Kissi-
dougou (Guinea) and concluded from this that ‘eco-pessimistic’ sto-

Local authorities and non-governmental organisations advocate planting of Eucalyptus near villages to reduce the cutting of natural woodland;

Inner Niger Delta, November 2008 (left) and February 2007. In terms of food supply for Palearctic birds Eucalyptus is inferior to indigenous trees.
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ries about deforestation were exaggerated or even untrue (Fairhead
& Leach 2000).

Detailed quantitative data on land cover change and deforesta-
tion are available for Senegal (Tappan et al. 2004, Wood et al. 2004).
Tappan et al. (2004) showed that changes in land use and rates of
deforestation in Senegal differ regionally. Forests (defined as areas
with over 80% canopy closure) covered 4.4% of the country in 1965
and 2.6% in 2000, a loss of 41% in 35 years. For Senegal’s wooded
savannas and forest combined, the cover decreased from 78.1% in
1965 to 72.2% in 2000. The loss of woodland is mainly caused by ex-
pansion of cropland. The loss of wooded cover is, however, much
larger than is reflected in the above figures. For instance, the agri-
cultural parkland in the Saloum area had a tree cover of 40-70% in
1943, but this had declined to 10-20% by 2000. Moreover, in north-
ern Senegal many trees died during the Great Drought (Gonzalez
2001, Tappan et al. 2004), while throughout Senegal woodlands
have been thinned for charcoal production. The annual legal char-
coal production has increased from some thousand tonnes in the
1930s, to 15 000 tonnes in the 1950s and 100 000 tonnes since 1970
(Ribot 1993). According to the same author, in the 1990s the official
quota covered only 50-67% of the actual urban use, so charcoal pro-
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Fig. 33 Number of cattle and sheep+goats in western and central Sahel
countries in 1961-2005. From: FAOSTAT database.
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duction must have increased again in the 1990s. In 1950, charcoal
came from forests within a radius of 70-200 km around Dakar, but
in 1990 this source area had increased to within 300-450 km from
Dakar. In fact, in the 1990s charcoal producers already reached as
far as the borders of the country. It is obvious that the deforestation
of Senegal is rapid, but measurements show that the rate is less than
stated in several political documents and semi-popular papers. For
instance, Tappan et al. (2004) found that the absolute decline of
Senegal’s woodland amounted to 333 km?/year, which is less than
the estimate of 520 km?/year in FAO statistics. Ribot (1999) conclud-
ed that the actual urban demand for firewood, although very high
(Ribot 1993), does not support crisis scenarios, which in the 1980s
predicted shortage of firewood for the 1990s or early 2000s. The im-
pact of collecting wood for fuel has been overrated as a deforesta-
tion factor, because natural regeneration was underestimated and
rural people often collect wood from dead trees (Benjaminsen 1993,
Thiam 2003).

Other empirical studies also found less deforestation than gen-
erally anticipated. Most studies show a decline in woodland cover
from agricultural encroachment and collection of wood for fuel, but
the data often refer to local studies and are difficult to summarise in
simple statistics. Moreover, the transition from woodland to agricul-
tural land often goes along a gradual pathway, from forest through
open forest, agricultural parkland and agricultural land with scrub to
pure agricultural land. This impedes straightforward quantification
of loss of wooded cover and complicates comparisons between dif-
ferent studies. Mortimore & Turner (2005) and Rey et al. (2005) show
that the degree of deforestation has not been the same throughout
the Sahel, because farmers have planted trees along their fields or
around their houses, and valuable trees have been protected during
clearance of woodlands. In northern Ghana and southern Burkina
Faso, Wardell et al. (2003) found that between 1986 and 2001 25%
of the gallery forests had been changed into savanna woodland and
45% into agricultural parkland. At the same time, a small part of the
agricultural parkland of 1986 had transformed back into woodland
because the clearance of the Sudan woodland had facilitated tsetse
flies and the spread of sleeping sickness, forcing people to retreat
and promoting natural reforestation.

Protected areas

1UCN listed 26 832 protected areas in the world, covering in total
7539 million ha. Of these areas, 974 are situated in Africa and cover
175 million ha. Within Africa, more than 60% of the protected areas
lie in only seven countries, of which two have more than 10% of the
African total: Zambia 13% (22.8 million ha) and Ethiopia 10% (17.6
million ha). Protected areas are mostly found in eastern and south-
ern Africa (Fig. 35A). The total surface of the protected areas in the
western and central Sahel countries amounts to 24.9 million ha, or
14% of the entire surface of the protected areas in Africa.



In total, 6.8% of Africa has the status of protected area. Countries
with a relatively high coverage of protected areas again mostly lie
in eastern and southern Africa, except for Equatorial Guinea (21%),
the Central African Republic (12%), Senegal (11%) and Chad (9%). In
other Sahel countries, the percentage coverage is low, at least com-
pared to the rest of Africa,: 3.0% in Mali, 1.5% in The Gambia, 1.3% in
Sudan and 1.1% in Mauritania. Since most of these protected areas
are found in the Sahara desert (Fig. 35), the Sahel zone proper is al-
most entirely unprotected.

Not all protected areas have the same status. IUCN distinguishes
eight categories (Fig. 35A). Scholte et al. (2004) reviewed the manage-
ment effectiveness of the 14 main protected areas in the Lake Chad Ba-
sin totalling 14 million ha. Four (representing 71% of the total surface)
exist on paper only, four have a low to moderate effectiveness (21%),

and another four, including Waza National Park in Cameroon have a
moderate effectiveness (4%). The protection can be considered effec-
tive in only two areas (4%), i.e. Lake Fitri (with a strong authority based
on tradition) and Zakouma National Park. Conservation in western
and central Africa depends more on the absence of people (Fig. 35B)
and livestock (Fig. 32) than on declared status. The average population
density in Africa is 27.5 inhabitants per km? with highest densities
in the Nile delta, the Maghreb, western Africa, on the Ethiopian high-
lands and around Lake Victoria (Fig. 35B). Within the Sahel, the west-
ern part is more densely populated than the central and eastern parts
(Fig 35B), possibly the main reason why the eastern Sahel still harbours
large herbivores that have now disappeared from the western Sahel
(Box 4).

Neem Azadirachta indica is native to SE Asia and known for its antimicrobial properties. It provides effective ingredients for medicines, cosmetics and

insect repellents. This tree species has been planted on a large scale near human settlements in West Africa. Insect densities are very low in Neem,

except for ants. (Niger (above), Burkina Faso (below left), Mali (below centre and below right)).
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Fig. 34 Woodland birds counted in forests in the southern Inner Niger Delta during
10 early mornings between 13 and 26 February 2007 and 27 — 28 February 2008.The
two maps show the distribution of the birds on 27 and 28 February 2008 on a Google
satellite image. The graph shows the bird density per ha of 9 species in forests with
Acacia seyal (4 plots; 22.1 ha), Acacia kirkii and Ziziphus mucronata (3.72 ha; 5 plots in
the flooded forest of Akkagoun and Dentaka), Neem Azadirachta indica (3 plots; 4.48
ha;) and Eucalyptus (1 plot; 1.08 ha). Grasshopper Warbler, Sedge Warbler, Melodious
Warbler, Common Whitethroat and Willow Warbler are lumped as ‘other species’.
Note the close canopy of A. kirkii compared to the open A. seyal woodland (where
most woodland bird species are concentrated where the canopy is relatively dense).



Box 3

Palearctic birds in exotic
and indigenous trees

Deforestation, as described in this chapter and many other studies,
in terms of loss of wooded cover ignores the shift during the last
decades from natural woodland into plantations of exotic species
such as Eucalyptus camaldulensis and, especially, Neem Azadirachta
indica. For example, the surface area of forest plantations in Sen-
egal has increased from 2000 km? in 1990 to 3600 km? in 2005,
equivalent to 2.2 and 4.4% of the total forest surface. In the same
15 years the natural forests lost 1600 km? of their area (FAo 2006).
The decline of natural forests in the Sahel is thus larger than is ob-
vious from global remote sensing studies. For the same reason, the
greening of the Sahel in the 1990s partly refers to plantations of
exotic tree species, which are indeed valuable to the local people,
but have poor ecological value compared to indigenous tree spe-
cies. Eucalyptus and Neem are popular since they grow fast,even in
the dry Sahel climate, while Neem produces excellent, termite-re-
sistant timber. Moreover, they appear insensitive to plague insects.
Actually, Neem and Eucalyptus hardly hold any insects, caterpillars
or larvae. Leaves and crushed kernels of Neem are even used as a
natural pesticide.

There are two studies on bird densities in exotic and indig-
enous forests in Africa. Stoate (1997) measured the bird density in
Neem plantations and on farmland with indigenous acacia trees
and Pilostigma reticulatum shrubs in northern Nigeria. The natu-
ral wooded vegetation held densities of 1.3 Whitethroats and 0.4
Subalpine Warblers per ha, but not a single warbler was observed
in Neem stands. The author also quantified insect density and col-
lected a large variety of such potential prey as ants, plant hoppers,
plant bugs, caterpillars, beetles, spiders and flies in indigenous
trees and shrubs, but only ants in Neem.John & Kabigumila (2007)
found that, compared to natural forests, only a few bird species
bred in eucalyptus plantations, and only in low densities.

We investigated bird density in exotic and indigenous forests in
the southern Inner Niger Delta in February 2007 and 2008. Ten for-
ests were visited in the early morning, during which we observed
280 individuals of 14 Palearctic bird species within the plots (total
surface 30.5 ha). The highest bird density was observed in flood
forests with 35.5 birds per ha, of which Chiffchaff (14.8/ha) and
Olivaceous Warbler (9.4/ha) were the most common. The density
averaged 5.3 bird/ha, mainly Bonelli's Warblers (3/ha), in dry forest
with Acacia seyal. The observed densities of the different species
are quite similar to data collected in Sahelian forests in Senegal
(Morel & Roux 1966b,1973, Morel & Morel 1992) and North Nigeria
(Jones et al. 1966, Cresswell et al. 2007). In natural forests we found
many insects in the canopy, but there was no insect or animal life
in the canopy of Neem, which explains its poor diversity of pas-
serines. Neem berries were eaten by the resident Common Bulbul,
whereas the only migratory bird species seen in these trees was
the Olivaceous Warbler (2.5/ha). Given the observations of Stoate
(1997), these birds may have fed on ants, which were in fact men-
tioned by Cramp (1992) as prey of Olivaceous Warblers. These data,
although preliminary, clearly show the ornithological significance
of local acacia forests compared to exotic trees.
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Fig. 35 (A) Protected areas in Africa. Eight categories are distinguished:
I=nature reserve, la=scientific reserve, Ib=wilderness, Il: national park,
Il: scenic reserve, IV: national reserve, V: area of outstanding beauty,
VI: flora and fauna protection area; from wbpa Consortium (2005); (B)
density of the human population in 2000; from Nelson (2004).
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Box 4

The Sahel as former grazing ground for

millions of wild herbivores

Sahelian grasslands are now grazed by 150 million cattle and 300
million sheep and goats, where formerly huge numbers of ante-
lopes and other grazers roamed. Showing seasonal movements
just like present-day livestock, wild herbivores facilitated and
maintained grasslands by grazing. Early European travellers, as
cited by Spinage (1968), were unequivocal in their observations.
Barth, who traversed the Sahara in 1850, noted for the region of
Air ..“bare and desolate as the country appears, it is covered (..)
with large herds of wild oxen (Antelope bubalis)”;in 1871 Nachtigal
saw Addax Antelopes Addax nasomaculatus north of Lake Chad ...
“the numbers of these animals were almost unbelievable. They
were to be seen in every direction, singly, or in small groups, or in
herds of hundreds”; and the Topi Damaliscus korrigum was still so
common in the western Sahel in 1935 that, “if the Topi could be
counted it would no doubt be shown to have the greatest popula-
tion of any African antelope” (Spinage 1968).

The Red-fronted Gazelle Gazella rufifrons is a Sudano-Sahelian
species, whereas the Dorcas Gazella dorcas and Dama Gazelle
Gazella dama are species typical of the Sahel (Scholte & Hasim
2008). Addax, and especially the Slender-horned Gazelle Gazella
leptoceros, are inhabitants of almost pure desert. Once they were
abundant and widespread, but they have been virtually exter-
minated, as happened with Oryx Oryx dammah, during the last
two decades. The elimination of wildlife in the western Sahel and
Sudan zone was caused by modern hunting methods (rifles and
four-wheel drives), disturbance, and competition with livestock
for grazing grounds and water.

Kobus kob, a typical floodplain antelope, were once common in
the Inner Niger Delta, but they have been eradicated. Also giraffe
and crocodile no longer occur in the area, and of all large African
mammal species, only some dozen hippos remain (Wymenga et
al. 2005). In the 1920s elephants were still common in the Inner
Delta and widespread elsewhere in southern Mali. There were four
small, discrete elephant populations left in Mali in 1983, of which
one remained after the Great Drought (Blanc et al. 2003). This pop-
ulation, decreasing from 550 in the 1980s to 322 in 2002 (Blake et
al. 2003),is found in the Gourma, east of the Inner Niger Delta. The
migration patterns of the last of these desert elephants have been
studied in detail using radio-tracking (Blake et al. 2002). In the
course of the year the elephants follow a circular route within an
area of 30 000 km? Given the recent developments, including the
construction of a new road, the future of these desert elephants
looks bleak.

Northern Cameroon is the only area in the West-Central Sahel
where large numbers of antelopes can still be seen: the Waza Na-
tional Park harboured 25 000 kobs in the 1960s and 5000 in the
1990s (Scholte et al. 2007). Waza National Park, with its giraffes,
elephants and six antelope species still gives an idea how the oth-
er Sahelian floodplains must have looked. One has to go further
east to encounter more wildlife (Zakouma in Chad and Gounda-
Manovo in the Central African Republic).

Even larger numbers of antelopes still migrate seasonally in
and around the Sudd floodplain in southern Sudan (Chapter 10).
In the early 1980s, the Boma National park, close to the Ethiopian



Large animals have disappeared, or become scarce, in much
of West Africa, the outcome of a century of competition with
man. The distribution of Giraffe (Central African Republic), Lion
(Cameroon), Roan Antilope (Niger) and Elephant (Burkina Faso)
in the western Sahel is largely restricted to parks.

border, harboured over 800 000 White-eared Kobs Kobus kob leu-
cotis moving between floodplains in the dry season and savanna
in the wet season (Fryxell 1987). This marsh antelope declined to
210 000 in 2001, according to a count by the New Sudan Wildlife
Conservation Organization. Since the widespread introduction
of weapons was the expected outcome of the civil war between
1983 and 2003, it was surprising that such large numbers of kobs
were still present. Numbers appeared even larger during an aerial
count inJanuary 2007 by J.M. Fay (news.nationalgeographic.com).
In the Boma and Southern National Park, and the Jonglei area
between them, including the Sudd, his team counted 800 000-
1200 000 White-eared Kob. The area is also the grazing ground
of other antelopes, including 160 000 Tiang Damaliscus korrigum
korrigum, 250 000 Mongalla Gazelle Gazella thomsonii albonota-
ta, 13 000 Reedbuck Redunca redunca and 4000 Nile Lechwe Kobus
megaceros. The 2007 count shows that seasonally migrating ani-
mals which spend a part of the year in marshland could, at least
temporarily, escape poachers and rebels. However, more seden-
tary animals, especially the species grazing outside the marshes,
were severely hit. In 1976, 134 000 elephants were counted in
southern Sudan, but numbers had dwindled to 22 000-45 000
in 1991 (Blanc et al. 2003) and only 8000 in 2007. Of the 60 000
buffalos in the Southern National Park (SW Sudan) and 30 000
zebras in SE Sudan present before the civil war started, none re-
mained by 2007. Despite the decline of some large herbivores in
southern Sudan, numbers are still exceptionally high compared
with the rest of the Sahel and Sudan zone.

Concluding remarks

Empirical studies show that nutrient mining, land erosion and
deforestation proceed less rapidly than formerly thought. The bad
news remains that, in general, land degradation in one form or an-
other continues. Bird species depending on natural woodland or
grazing land face extensive habitat loss. This is also the prospect
faced by birds feeding on fallow land, since the system of shifting
cultivation is gradually replaced by permanent cultivation. Range
expansion of cattle, sheep and goats, formerly limited to the sur-
roundings of natural watering sites, increased competition for local
resources, as evidenced by the eradication of wild herbivores in the
western Sahel. For birds, reforestation programmes cannot replace
the loss of natural forests as non-native trees harbour far fewer in-
sects than indigenous trees.

Endnotes

1 Chomitz & Griffiths (1997) found an annual increase of 13% of the agricultural
land in the Chari-Baguirmi region between 1983 and 1995 (SW Chad). The an-
nual rate of change in agricultural land in Fouta Djalon (Guinea) amounted to
5.31% between 1953 and 1989 (Gilruth & Hutchinson (1990), 4.87% between
1955 and 1994 in northern Burkina Faso (Lindqvist & Tengberg 1993), 2.59% be-
tween 1945 and 1995 in NE Burkina Faso (Reenberg et al. 1998), 2% between
1956 and 1996 in SW Niger (Moussa 1999) and 3.2% between 1973 and 1999
in south-central Senegal (Wood et al. 2004). A long series is also available for
Maradi (Niger) where between 1957 and 1975 the cropland increased by 3%/year
(Raynaut et al. 1988), slowing down to 1% between 1975 and 1996 (Mortimore
& Turner 2005). The regional differences are thus large. One explanation is that
suitable land still avalaible for cultivation varies locally. For instance, in Diourbel
(Senegal) 82% of the land was already cleared for cropland in 1954, so the pos-
sibilities for expansion were limited. The cover by cropland increased to 87%
in 1987 and 93% in 1999 (Mortimore & Turner 2005). In contrast, in the nearby
‘empty’ Ferlo region, the arable land increased from 1% in 1965, to 13% in 1984
and 16% in 1999 (Tappan et al. 2004). For Senegal as a whole, the proportion of
arable land increased from 17% in 1965, 10 19.8% in 1985 and 21.4% in 2000 (Tap-
pan et al. 2004).
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Floodplains everywhere are disappearing like snow in the sun. Dams, irrigation schemes and changes in land use

wreak havoc. Even as large a floodplain as the Inner Niger Delta, at first sight pristine, is threatened by ever more
dams in the Niger River upstream and downstream of the Inner Niger Delta. Dams interfere with the flood pulse
of a delicate ecosystem.The evocative term “flood pulse” was coined by Junk et al. (1989), to describe the seasonal
flooding of the aquatic-terrestrial transition zone along rivers. The flood pulse is like a wave rolling over a saucer,
magically transforming arid land into a huge but temporary wetland, a wonder to behold and a source of leg-
ends and myths over the centuries. In the Inner Niger Delta, flood height may reach six metres, slowly engulfing
an area of 400 by 100 km. Fortuitously, the seasonal rise and retreat of the flood in this area has been measured
daily at several hydrological stations over many decades, producing a time series of great value, as we will show
in this book. Usually, lower-level floods cover floodplains for four months only (October-February), but high floods
inundate them for twice as long (September-April). Floodplains are highly dynamic wetlands that attract large
numbers of waterbirds, and people as well. The Inner Niger Delta is no exception.
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Introduction

The Inner Niger Delta is one of the largest floodplains in Africa. The
topographical maps of the Institut Géographique National (1GN) re-
veal that the inundation area measures 36 470 km?, including 5340
km? of levees, dunes and other islands within that area. They also
show that water coverage declines from 31 130 km? in wet periods
to 3840 km? in dry periods (Fig. 36). The entire floodplain area is in-
cluded in the 41 195 km? designated as a Ramsar Wetland Site of
International Importance in January 2004. This chapter deals with
the ornithological significance of the area, but first explores hydro-
logical and ecological information to provide a background for un-
derstanding the ecosystem.

We will first describe the relationship between river flow and
flooding, using satellite images to quantify the surface of the inun-
dation zone at different water levels. A simple equation accurately
predicts the size of the floodplains as a function of river flow. Be-
cause water extraction through dams and irrigation is known, it is
also possible to indicate the impact these infrastructures have on
the flooding cycle. Next we deal with the ecological consequences of
variations in flooding. Vegetation types are clearly associated with
flood duration and height. We used a digital flooding model to cal-
culate the surface area of sets of optimal water depths for the vari-
ous vegetation types. At a lower flood level, plants have to colonise
lower-lying zones which will provide optimal growing conditions.
Thus, reduced flooding affects the coverage of different vegeta-
tion types. At least, that is to be expected in a fully natural system.
However, the Inner Delta is inhabited by one million people, who

(as described in a separate Section) largely depend on its natural
resources. They have reshaped the floodplains into a semi-natural
landscape. In the remaining Sections we analyse bird counts to out-
line the significance of the area for a number of bird species. We
used aerial counts of the entire Inner Niger Delta, ground surveys of
the central lakes in the Inner Niger Delta and counts of birds flying
to nocturnal roosts. We plotted density counts in different habitat
types on a vegetation map and correlated the result with the digital
flooding model to estimate the total number of birds present in the
Inner Niger Delta.

River flow and flooding of the Inner Niger Delta

The Inner Niger Delta is awe-inspiring in size and dynamics. Start-
ing in July, the water rises about 4 m in 100 days. In years of high riv-
er discharge, peak level may be 6 m higher than a few months previ-
ously (Fig. 37). Large between-year differences in flooding make the
system even more dynamic.

Topographical maps show the floodplain as if it were flooded at a
maximum level (Fig. 36). However, the area actually inundated var-
ies considerably between years. Zwarts & Grigoras (2005) used satel-
lite images to produce a continuum of 24 water maps of the Inner
Niger Delta, covering the range of water levels between -2 and +511
cm, as measured on the gauge at Akka in the central lakes. The maps
allow the determination of the relationship between water level and
the area inundated. Water maps were combined to construct a dig-
ital flooding model. This was done separately for rising and reced-
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600 ing water. For receding water, we had to make two flooding models:

one for years when the peak flood level had been high (inundating a

500 large area) and one for years of low flood (when only the lowest-lying

E 400 floodplains connected to the river became inundated); see Fig. 38
© for both extremes.

< 300 Without first-hand experience of the large annual variations

£ in flooding, it is difficult to appreciate what this cycle signifies for

g 200 those depending on its regime. Fig. 39 is merely a graphical attempt

ko 100- to show the difference between a dry season (1984/85) and a rela-

3 tively wet season (1999/2000). In the dry year, just one third of the

04 southern Delta became inundated; the northern Delta was not even

reached by the flood. In 1999 though, the southern Delta was fully

-100+ flooded, as well as a large part of the northern Delta, including sev-

May "oun T dul ! Aug ' Sep "0ct " Nov ' Dec ' Jan ' Feb ' Mar ' Apr eral of the lakes just north of the Delta.

For migrant birds arriving in the Inner Niger Delta in August,

Fig. 37 Annualvariation in daily water level at Akka, from 1 May to 30 flooding conditions at that time do not overly differ between years,

April,in 1956-2007. From: Direction Nationale de I'Hydraulique (DNH). because the flood has notyetreached all of the area (Fig. 37). Later in

Korientzé

Fig. 38 True colour composite (top) and water map derived from the same Landsat scene (bottom) of the central part of the Inner Niger Delta
(68x103 km) during receding water with exactly the same water level in Akka (86 cm), shown for a year when peak flood level had been high
(1999/2000: 511 cm; left) and low (2002/2003: 411 cm; right). Note the many isolated, temporary lakes on the lefthand image, lacking on the
righthand one (where the flood never reached these sites). On the other hand, since the righthand image was taken 5.5 weeks earlier than the
lefthand one, some low-lying plains were still flooded (e.g. the Plains of Seri).
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Fig. 39 The graphs show daily
measurements of the water level

at Akka between June and May

in 1984/85 (the lowest flood ever
measured) and in 1999/2000 (one of
the highest floods since 1970, but of
normal height when compared with
pre-1973 floods). The surface areas
flooded in 1984/85 and 1999/2000,
shaded in the same graph, are
derived from the water level data,
using the digital elevation models of
Zwarts & Grigoras (2005). The maps
show the flooded area when the

water level at Akka reached its peak, When the flood recedes, herders and their cows have to cross the Niger
and for 1 March. River to reach the emerging floodplains.
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Millions of cattle graze on the floodplains of the Inner Niger Delta
between November and May.

the season, however, very large differences may occur. For example,
between December and February 1999/2000 the size of the flooded
area declined from 17 400 to 6200 km?, but in 1984/85 the flooded
area declined from 1680 to 480 km* during the same months. Dur-
ing flood recession, the water level in the river system drops at 2-3
cm per day, but in lakes isolated from the river system only 1 cm
evaporates daily. When the water level in Akka has receded from 300
to 100 cm, half of the floodplain remains connected to the river sys-
tem after a high flood (such as in 1999), but the low flood level in
1984 was insufficient to reach many lakes and depressions, which
were consequently deprived of their seasonal water boost. Many of
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Fig. 40 The highest water level in Akka (cm; left axis) reached within
a year as a function of the combined river discharge of the Niger (Ké-
Macina) and the Bani (Douna), averaged for August-October that year.
The blue line gives the same relationship for the flooded surface (km?).
From: Zwarts & Grigoras (2005).
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Fig. 41 Peak flooding of the Inner Niger Delta between 1956 and 2006.
Blue bars show the actual flooding. Red bars indicate the additional
flooding had there been no dams in the Upper Niger. From: Zwarts &
Grigoras (2005).

these lakes are liable to dry out completely if unreplenished over a
number of years. As we will show later, this has far-reaching conse-
quences for migratory waterbirds.

The flooding of the Inner Niger Delta is determined by the inflow
from the Niger and Bani Rivers, which in turn relate to the rainfall
experienced 600-900 km SW of the area. Local rainfall is too limited
to have an effect on flood height. Thus, the maximum water level in
Akka, usually reached in November, can be predicted reliably from
the average river flow in August, September and October combined
for these two rivers (Fig. 40, left axis). A high river discharge not only
produces a high flood, but also floods a more extensive area (Fig. 40;
right axis). Since the mid-1950s, the average flow in August-October
for Bani and Niger has varied between 1850 and 7200 m?®/s, equiv-
alent to a total seasonal flow of 14.7 and 57.2 km? respectively. In



Box 5

Impact of dams in the Niger River on the Inner Niger Delta

Several dams have been constructed on the Niger River since the mid-
20t century, and more are planned.

The Selingue reservoir has been operational since 1982. It withholds
more than 2 km? water from the water flow, mainly in August and to a
lesser degree in September, and releases 1.2 km?® during the dry season
(Zwarts et al. 2005a). Such management has an obvious effect on the
flooding of the Inner Niger Delta. Without Selingue, the water level
in September-December would be 15-20 cm higher, implying a dam-
caused reduction of the flooded area by 600 km?.

The Markala dam, at the very entrance of the Niger River into the
Inner Niger Delta, was built in 1934-1947. The annual water intake is
reasonably constant at 2.69 km?, used for irrigating 740 km? of land.
The monthly water intake varies between 60 m?/s in January and 130
m?/s in September, but the river flow of the Niger shows much wider
fluctuations, which can be as much as 80 times greater in September
than in April. The water intake amounts to only a tiny percentage of
the river flow in August-October, but increases to 50-60% in February-
June.Indeed, the additional flow from Lake Selingue in the dry months
is fully consumed by irrigation near the Markala dam and does not
reach the Inner Niger Delta. During high water flows though, the
impact of irrigation is limited: a reduction of flood level by 5-10 cm and
a loss of 300 km? of effective floodplain size. The impact is somewhat
larger in December-February.

The Talo dam, built in 2005 on the Bani River, facilitates irrigation.
Although the reservoir is small (maximum surface 50 km?, maximum
volume 0.18 km?®), the effect on the lower Bani may be considerable,
especially in dry years, when the river discharge does not reach a peak
higher than 200 m/s or 1.55 km? per month (Fig. 18). The actual impact

More than halfa million people in the Inner Niger Delta depend for
their living on fishing and cattle breeding.
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Fig. 42 Location of existing (Selingue, Markala and Talo) and
planned (Fomi, Djenne and Taoussa) dams in the Upper Niger Basin.

downstream will depend mainly on the amount of water used for
irrigation.

Two other dams are still under study, the Djenne dam on the
Lower Bani and the Fomi dam on the Upper Niger. The Djenne dam
is intended to counteract water losses caused by the Talo dam. As a
consequence, even less water will be available downstream of Djenne.
It is estimated that the effect of the Djenne dam on the Inner Niger
Delta would be similar to that of the Markala dam. The Fomi dam will
create a reservoir nearly three times as large as the Selingue reservoir,
resulting in a reduction of the floodplain of the Inner Niger Delta by
another 1400 km=

Apart fom the three existing and two planned dams upstream,
another dam is planned downstream of the Inner Niger Delta, the
Taoussa dam. Its potential hydrological effects on the Inner Niger
Delta are still unknown. The dam will probably not affect maximum
flooding, but a higher water level in the dry period, at least in the
northern part of the Inner Delta, is a likely scenario. Such a reduction
of the seasonal dynamics has several ecological and socio-economic
effects that are difficult to evaluate without a detailed study.

To summarise, the flood extent of the Inner Niger Delta has been
reduced, on average, by 5% due to the Selingue dam and another 2.5%
due to irrigation by Office du Niger. Since the irrigated area of Office
du Niger will be expanded in the future, it is to be expected that the
impact downstream will increase. Building the Djenne and Fomi dams
would increase the total loss of floodplains by upstream dams in the
Inner Niger Delta to about 15-20%, or 2500-3000 km? From: Zwarts &
Grigoras (2005).



1984, the water level at Akka did not exceed 336 cm and the flooded
area was limited to a mere 7800 km?. In contrast, in 1957 and 1964,
the water level at Akka reached the very high level of about 600 cm,
leading to a flooded area of 22 000 km?. It should be noted that this
is still substantially smaller than the total floodplain of 31 000 km?
as shown on the 1GN maps (Fig. 36). This apparent discrepancy is
caused by the shallow northward slope of the floodplain that delays
flooding in the north by three months; by that time the southern
floodplain has already been drained of water. Because our remote
sensing analysis is based on actual water coverage, the area flood-
ed at any one time is always less than the total area flooded in the
course of a year.

Maximum flood height shows wide between-year variations (Fig.
37). Because flooding is closely related to the river flow entering the
Inner Niger Delta, the variations reflect the river discharge of the
Bani (Fig. 18) and the Niger (Fig. 19). The 60% decline in flooding
between the 1960s and 1980s was due mainly to a decrease of the
river discharge of the Bani (down 80%) and the Niger (down 55%).
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Fig. 43 Zones of 11 vegetation types relative to maximum flood level in
the Inner Niger Delta. Sites with more or less homogeneous vegetation
were combined with the digital flooding model to determine the
frequency distribution of the elevation per vegetation type. The bars
show the 10-90% range of elevation. Data were collected in the late
1990s when the average peak water level in Akka (see photograph)
amounted to 470 cm. From: Zwarts et al. (2005b).
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People cut bourgou to feed the cattle; this floating grass is locally planted
to provide fodder for cattle.

The impact of dams on flooding is smaller (red bars in Fig. 41) but
significant and increasing (see Chapter 3 and Box 5).

Vegetation zones

The Inner Niger Delta is vegetated with plant and tree species which
are adapted to steep fluctuations in water level, seasonal flooding
and long dry periods. Wild rice Oryza barthii and O. longistaminata,
for example, produces long stems and occupies the zone where the
water column reaches up to 2 metres. Another grass species, Echino-
chloa stagnina, locally known as bourgou, has stems up to 6 metres
and grows where the water depth is 4 m on average. During flood-
ing, wild rice, bourgou, and also Vossia cuspidata (known in eastern
Africa as Hippo Grass, but as didere in the Delta), form huge floating
meadows. Bourgou has a high nutritional value and is therefore also
planted by local people to be used as fodder for cattle during the dry
period. Since the production of bourgou increases with water depth,
the people plant bourgou in deeper water than wild bourgou would
normally occupy. Planted bourgou therefore runs the risk of drown-
ing during particularly high floods, but during normal floods these
anchored plantations represent an addition to the natural floating
meadows in the lower floodplains (Zwarts et al. 2005b).

People are cultivating an increasing proportion of the floodplains
to growrice. Cultivated rice Oryza glaberrima requires the same water
depth zone as wild rice and flood forests, and so extension of culti-
vated rice fields occurs at the expense of natural habitats. For similar
reasons, forests, except for tiny fragments, have now been removed.

The highest floodplains are covered by a tall grass species, Black
Vetivergrass Vetiveria nigritana, and locally by Acacia seyal forests
(Red Acacia or Shittim Tree). The lowest floodplains often become
green as soon as a dense vegetation of grasses and Guinea Rush
Cyperus articulatus emerges after the flood has passed. However,



these green floodplains are short-lived and quickly transform into
dry dusty steppe with hardly any vegetation, a combined effect of
the withering sun and intensive grazing by cattle, sheep and goats.
Twenty percent of the 20 million goats and sheep and 40% of the five
million cows in Mali are concentrated in the Inner Delta and its sur-
roundings during the dry period.

The distribution of vegetation zones can be described accurately
as a function of water depth (Hiernaux & Diarra 1983, Scholte 2007;
Fig. 43), but as the flood level undergoes considerable annual vari-
ation, three questions arise: (1) do plant species colonise different
zones with a change in flood level, and if so, does this occur imme-
diately or is it delayed, (2) is a change in distribution mirrored by a
change in the surface area covered by water, and (3) what is the hu-
man impact on these natural changes?

View from the Rock of Soroba across
the floating meadows so characteristic
of the Inner Niger Delta: bourgou (dark
green) grows in deeper water (4 m)
than wild rice (light green, about 2 m).
January 2003

There was indeed a shift in the distribution of bourgou, didere
and rice following changes in flood level. For instance, the low-lying
Lake Walado has always been a lake where floating vegetation was
restricted to the border zone. The lake was colonised by bourgou in
1985 and 1986, after the flood level had been low for a number of
years (Zwarts & Diallo 2002). In the same period that bourgou settled
in Lake Walado, elsewhere much larger hourgou fields were replaced
by didere. During the 1990s and early 2000s, we plotted bourgou
fields for which we calculated maximum water depth using the
gauge measurements at Akka and the digital flooding model. These
data clearly show that bourgou usually grows where maximum water
depth fluctuates between 4 and 5 m; bourgou showed the expected
colonisation in response to a change in water level, albeit with a de-
lay of about two years.
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Fig. 44 Surface (km?) of the
floodplains in the Inner Niger
Delta where we expect (A)
bourgou (water depth 4-5m)
or (B) rice (water depth 1-2 m),
as a function of water level
at Akka. Optimal bourgou
habitat disappears at lower
floods, while the effect is

less pronounced for optimal
rice habitat. From: Goosen

B
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Given a water depth of 4-5 m, the surface area of optimal bourgou
habitat can be calculated for different flood levels, using the digital
flooding model (Fig. 44A). In 1984, when peak water level reached
only 336 cm, none of the floodplains in the Inner Niger Delta had
a water column in excess of 4 m. Bourgou is outcompeted by plant
species such as didere in suboptimal habitats with less than 4 m of
water. Relatively small changes in flood level of the Inner Niger Del-
ta thus have a large impact on plant species restricted to a narrow
range of water depths. At a reduction of peak flooding from 420 to
400 cm, caused by the construction of both the existing two dams,
the surface area of the floodplain was reduced by 12% (from 12 600
to 11 200 km?), but the extent of optimal bourgou habitat decreased
by 45% (from 970 to 540 km?). Steeper declines are to be expected
when more dams are built and flood level is further reduced. The
emphasis on bourgou is particularly relevant, given its ecological
significance as fodder for cattle, as a nursery for fish and, as we dem-
onstrate below, as the habitat where waterbirds concentrate in high
densities.

In contrast to bourgou, cultivated rice grows in shallower water
1.0-2.5 m deep (Fig. 44B). The area where water depth varies be-
tween 1 and 2 m measures only 800 km? during a low flood (360 cm
at Akka), but increases to 4300 km? during a high flood (580 cm).
Water depth is not the only criterion for farmers to cultivate an area
for rice growing. Rice cultivation is restricted to substrates that are
rather claylike, which explains why rice is almost absent from the
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Fig. 45 (A) When peak water level at Akka went down from 580 cm

in 1952 to 360 cm in 1987, rice farmers were forced to move to lower-
lying floodplains. They abondoned the lowest-lying sites when the
floods were higher again in 2003 (470 cm). (B) The occurrence of 35
flood forests in the southern Inner Niger Delta (see Fig. 46). New forests
are situated in low-lying parts of the floodplain; forests on the higher
floodplains changed into dry forests, owing to the generally lower
floods in the late 20t century. Average and 20-80% range indicated by
line and bars. From: Beintema et al. (2007), Zwarts & Grigoras (2005),
Zwarts et al. (2005b).
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sandy northern half of the Inner Delta. The clay content of the soil
being rather high in the southern section of the Delta, it is there that
most rice fields are concentrated. The area of the Inner Niger Delta
cultivated for rice has increased from 160 km?*in 1920 to about 1600
km?in 1980-2000 (Gallais 1967, Marie 2002, Zwarts & Kone 2005b).
The 1GN 1950s topographical maps mentioned before also show
the distribution of cultivated rice fields, which makes for telling
comparisons with similar maps from 1987 (Marie 2002) and 2003
(Zwarts et al. 2005b). In 1952, most rice fields were found on sites
flooded and deflooded when the water level was 310-410 cm on the
gauge of Akka (average 382 cm). Since the average flood level in the
early 1950s amounted to 580 cm, this implies that the rice fields
were then covered by 170 to 270 cm of water at most (on average 198
cm). In the mid-1980s, peak water level declined to 360 cm, and rice
cultivation was forced down to lower sites, flooded when the water
level at Akka was between 230 and 360 cm (on average 303 cm, a

flood forest
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Fig. 46 Present status of 35 flood forests in the southern half of the
Inner Niger Delta: new (existing in 2000 but not in the 1980s), present
(in the 1980s as well as in 2000), lost (present in the 1980s but lost

by 2000), dry (flood forest before 1980s, but now dry land forest). The
flooding is shown for different water levels.



drop of 79 cm from the 1950s). Despite this move, flooding of the
new rice fields was poor or even non-existent, amounting to 0-130
cm of water (Fig. 45A). Consequently, rice production in the Inner
Niger Delta crashed from 100 000 tons during normal and good
floods to only -20 000 tons in the mid-1980s. As floods improved in
the late 1990s and early 2000s, the low-lying rice fields were aban-
doned in favour of fields flooded at a water level of 250-360 cm in
Akka (on average 321 cm). The accompanying average water depth
during flooding of 149 cm is much better for rice cultivation than
the 57 cm in the mid-1980s, but has not yet attained the level of 180
cm in the 1950s.

In the 1980s farmers adjusted their land use to the prevailing
low flood levels by creating rice fields in the lower floodplains. Di-
dere and wild rice had to be removed, and most of the remaining
flood forests were cut. Of the forests still present in the 1980s, seven
had disappeared by 2005 and eight had transformed into dry forest
(Beintema et al. 2007). Only 18 forests survived, mostly in degraded
form. Two new forests came into existence (Fig. 46). Altogether, for-
ests now cover not more than 20 km? a small fraction of the several
hundreds of km? before the 1980s and a tiny fraction of that existing
in pre-colonial times.

Flood forests that had changed into dry forest were exclusively
situated on the highest sites, beyond the reach of most floods. Lost
flood forests were restricted to sites that became flooded when the
water level at Akka was above 140 and below 360 cm (median 320
cm). The few remaining flood forests were confined to sites flooded
when the water level at Akka was above 150 and below 250 cm (me-
dian 190 cm) (Beintema et al. 2007; digital elevation model). This
fits in nicely with our knowledge of newly-created rice fields of the
1980s (Fig. 45A); flood forests survived only when situated in the

Large expanses of bourgou are
traversed via 1-2 m wide waterways,
created by removing the vegetation.
The small canals enable easy
penetration of dense bourgou
vegetation with pirogues, to put up
nets and fish traps. We used the
waterways to perform transect counts
of birds where the water level was
more than waist-deep.

lowest part of the floodplain (120-220 cm on the gauge of Akka), i.e.
out of reach of new rice cultivations at 240-300 cm on the gauge of
Akka. Similarly, new flood forests are found only in the very low
floodplains (120 to 220 cm). When flood levels decline again, these
forests are in danger of conversion into rice fields.

People

The national census of 1998 showed that the Inner Niger Delta is
inhabited by 1.1 million people, of which 230 000 live in cities like
Djenne, Mopti and Timbuktu (Zwarts & Kone 2005a). The remaining

View from the Rock of Gourao over a large bourgou meadow, planted to
augment fodder for the cattle during the dry period.
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Settlements in the Inner Niger Delta

are situated on the levees, like Pora in
the southern Delta, November 1999,

during a high flood.

870 000 are thinly distributed over an area of about 50 000 km?. As
detailed in previous censuses (1976, 1987), the rural population has
remained stable, which is remarkable in the light of the overall an-
nual population growth of 2.3% in 1976-1998 in Mali. Many people
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All someone’s belongings are transported by large pinasses.
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have left the Inner Niger Delta, especially in the northern half where
the population has actually decreased by 0.6% per year between 1976
and 1998. Most moved to cities in the region and elsewhere in Mali,
or went abroad. The depopulation is a direct result of the prevail-




ing drought and low floods (Fig. 41), which make survival difficult.
About 40% of the rural population in the Inner Niger Delta are farm-
ers, 30% herders and 30% fishermen. Altogether these people tax the
natural resources heavily, creating the landscape as it now exists.

Rice cultivation About 1600 km? in the southern half of the Inner
Delta (5.1% of the total floodplains) are cultivated by farmers growing
rice on the floodplains. Another 680 km? are managed as rice fields
by Opération Riz Mopti and Opération Riz Ségou. Both areas lack ac-
tive irrigation but employ dikes and sluices to delay flooding, and to

- flooded area
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Fig. 47 Annual fish trade in the Inner Niger Delta and the surface
maximally flooded in the previous year between 1976 and 2005. From:
Zwarts & Diallo (2005, updated for recent years).

Extensive rice fields on the floodplains
in the southern Inner Niger Delta,
November 1999.

manage the water level during deflooding. However, if the flood is not
high enough, the areas remain dry. This means that rice production,
as elsewhere on the floodplains, depends exclusively on local rain
and the river floods; pumping occurs locally, albeit on a small scale.
Farming is not easy in the Inner Delta, and rice farming especially
so. The farmers grow a West-African rice variety of Oryza glaberrima,
known as riz flottant (floating rice), well-adapted to grow as the wa-
ter rises during the flood. Ideally, the seed should germinate before
the flood arrives. Farmers have to sow before the first rains, in the
hope that the rain will precede the flood, allowing rice to sprout be-
fore the flood arrives and before the water starts to rise by several cm
a day. Because rice plants can grow up to 3-4 cm per day, they do not
drown. The stems may attain lengths of 5 metres, but usually only
2 metres of growth suffice. After a 3-month flood period, the rice is
harvested when the floods recede. Much can go wrong in such an
unpredictable cycle, and annual rice production therefore varies be-
tween 50 000 and 170 000 tons (Zwarts et al. 2005b). The few irrigat-
ed rice fields in the Inner Niger Delta have a more stable harvest of
40 000-60 000 tons per year. Floodplain rice yield is low (1.0-1.5 ton/
ha) when compared with that of irrigated rice fields (5.0-5.5 ton/ha),
but the latter incur high costs related to investments and irrigation
schemes. Farmers on the floodplains have few if any overheads.

Livestock Two million cattle and four million sheep and goats graze
the floodplains of the Inner Niger Delta in the dry period (Goossen &
Kone 2005). When floods still cover the plains, the stock grazes near-
by, but as soon the water begins to recede, phalanxes of cattle, then
of sheep and goats, move into the Inner Niger Delta. The silence of
the Delta is now broken by mooing and bleating, and dust blurs the
glare of the sun. At low flood levels, most livestock concentrates on
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During receding floods in the Inner Niger Delta, nearly all fish are captured in traps of up to 5 m long and 2 m high, strategically

placed inrivers and gulleys. Increasingly, many fish are now caught in standing nets with a mesh size of 10 mm encircling large

bourgou fields. Few fish survive the deflooding period, and fish older than 6-8 months have become rare.

the low-lying parts of the floodplains, where cattle reach a density of
100 per km? and goats and sheep a density of 30 per km? or more. As
zebu-cows weigh 250 kg and goats and sheep about 20 kg, the total
annual grazing pressure is equivalent to 26 tonnes/km?. This is high
compared with an average annual grazing pressure of 2-4 tonnes/
km? on grassland in the western Sahel (Penning de Vries & Djiteye
1982). A high stocking rate is feasible because floodplains are highly
productive (Box 2). Young grasses cover the emerging floodplains
and floating, aquatic grass species like didere and bourgou gradually
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become available after flood recession.

During the dry months which follow, the vegetation withers and
decreases in quality. To improve survival conditions for their stock
prior to the next rainy season, pastoralists burn remaining vegeta-
tion to stimulate regrowth. Moreover, bourgou - planted on a large
scale by the herders - is used as fodder in the dry period. Bourgou is
also cut in the dry season to stimulate sprouting. Heavy grazing on
bourgou sprouts, however, leads to its eradication, as happened dur-
ing the Great Drought in the 1980s.



Fishing Annually, fishermen in the Inner Niger Delta catch 60 000-
120 000 tonnes of fish. This FAO estimate is based on several untest-
ed assumptions, such as a fixed daily consumption by the fishermen
themselves, independent of the catch, and an overestimation of the
annual increase in the number of fishermen (Zwarts & Diallo 2005).
The annual trade is registered: it varied between 10 000 and 50 000
tonnes between 1977 and 2005. The variation is closely associated
with the previous year’s flood level (Fig. 47). Theoretically, because
the number of fishermen increased from 70 000 in 1967 (Gallais
1967) to 225 000 in 1987 (Morand et al. 1991) and to 268 000 in 2003
(Zwarts & Diallo 2005), the trade should have increased at the same
rate. However, correcting for flood level, there was no increase in
trade at all. When 270 000 fishermen are unable to bring more fish

to the market than 70 000 fishermen, this strongly suggests that fish
capture is constrained by an absolute ceiling in biological produc-
tion. The same conclusion arises from seasonal catch data. On aver-
age, the daily catch per fisherman decreases from 35 kg/day in early
February to 7 kg/day at the end of June (Kodio et al. 2002). This de-
cline is consistent with depletion of the available fish stocks; at the
end of the fishing season, nearly all fish have been removed from
the floodplains.

Fish more than one year old have become increasingly scarce in
the Inner Delta (Laé 1995). The only way for a fish species to survive
here is to reproduce as early in life as possible. Indeed, Bénech &
Dansoko (1994) found that the fish species in the Inner Niger Delta
have adapted to the extreme predation pressure by reducing their
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age of reproduction. Reproduction for most species is limited to the
high water period (Bénech & Dansoko 1994). Therefore, the annual
fish stock entirely depends on the spawn and fry produced by the
few fish still alive at the end of their first year and by the very few fish
over one year old.

The introduction of nylon nets in the 1960s resulted in the near-
depletion of fish stocks in the Inner Niger Delta, thus changing the
exploitation system significantly (Laé et al. 1994). Concomitant with
the steady decline in the size of captured fish, the mesh size of nylon
nets decreased: before 1975, most nets had a mesh width of 50 mm,
but this declined to 41-50 mm between 1976 and 1983, and to 33-41
mm between 1984 and 1989 (Laé et al. 1994). This downward trend
has continued: in 2007 we measured many nets with a mesh size of
only 10 mm.

The fish population depends entirely on the young produced by
the fish which manage to survive the previous year’s intensive fish-
ing campaign. As a consequence, fish species restricted in their dis-
tribution to flooded areas have decreased, whereas species able to
reproduce at one year old have become more abundant (Laé 1995).
The history of fish exploitation in the Inner Niger Delta is a classic
example of overexploitation, but it is also a typical “tragedy of the
Commons”, where an individual takes a (small) benefit at the ex-
pense of the community as a whole. Annual catches have become
more variable in volume as most fish are now less than one year old
and the total fish population is determined by flood level. Mean-
while, the future prospects for fishermen have become precarious
- they may use more nets, but catch fewer and smaller fish.

We can only speculate about the ecological impact of these
changes in fish exploitation and fish stocks. Many bird species are
fully dependent on the fish they capture on the floodplains. In the
past, people captured Nile Perch two metres or more in length. Such
giant predators were much too large to be eaten by herons and other
fish-eating birds, and this applied to the larger part of the fish bio-
mass. Dependent on fish shape, piscivorous birds can swallow fish
of up to 20-25 cm long. At present, fish of this size class and smaller
abound in the Inner Niger Delta, and so the general decrease in
fish size may appear an advantage to fish-eating birds. Further-
more, several fish-eating bird species profit from the contraptions
put up by fishermen, concentrating their feeding activities where
fish traps are operated or where fishermen empty their nets. The
dwindling fish stocks suggest these advantages to be short-term.
In any case, for birds there are also huge disadvantages associ-
ated with the present catching methods. Many birds on the flood-
plains are captured and killed by accident in fykes and nets, and
many more become victims of hooklines. The rapidly increasing
number of nets and hooklines must constitute an important and in-

Wood (here taken from dead Red Acacia) is transported in the Inner
Niger Delta over dozens of km to be used by fishermen to dry and
smoke their fish.



Box 6

Stories from
long gone days

What did the Inner Niger Delta look like 50 or 100 years ago, and
what has changed in its bird life? The reports of the first ornitholo-
gists visiting the area, although a pleasure to read, are a bit frustrat-
ing as they are purely descriptive. The observations are difficult to
compare with the more quantitative data available since the 1970s.
Some differences are evident, however. Goliath Heron, Hamerkop,
five stork species (Yellow-billed, African Open-bill, Abdim’s, Saddle-
billed and Marabou) and Hadada Ibis were seen frequently in 1931
by Bates (1933), in 1943-1944 by Guichard (1947), in 1954-1959 by
Malzy (1962) and in 1956-1960 by Duhart & Descamps (1963). The
Goliath Heron must have vanished from the Inner Niger Delta in
the 1960s. The Hadada Ibis, still common in the wooded parts of
the Niger and Bani valleys in 1972-1974 (Curry & Sayer 1979), has
been rare since the 1980s and does not seem to breed in the area
any more. The same can be said of the above-mentioned storks. For
example, Abdim’s Stork was classified as abundant in the late 1950s
(Duhart & Descamps 1963), but has become noticeably scarcer since
the 1980s. When Guichard (1947) wrote about the Black Crowned
Crane as “not very common and does not occur in huge flocks such
as were seen in Bornu and near Lake Chad”, nevertheless hundreds
or thousands must still have been around. In the late 1950s, Duhart
& Descamps (1963) observed some flocks of several hundred. By the
year 2000, numbers had dwindled to only fifty cranes, unable to
produce fledglings as all chicks were systematically removed and
traded by the local people. The African Skimmer qualified as “oc-
curring in large groups” (Malzy 1962) and “being common along
the Bani and Niger Rivers, where the species can be seen the en-
tire year” (Duhart & Descamps 1963), but it has disappeared from
the Inner Niger Delta. We have seen twice a Skimmer in this region
since we started our fieldwork in the mid-1980s.

Regarding the raptor guild, ornithologists visiting the Inner Ni-
ger Delta since the 1980s mostly encounter Eurasian Marsh Har-
riers, and the occasional Montagu’s Harrier, Osprey or African Fish
Eagle. Several other raptor species, albeit in small numbers, inhabit
the dry or wooded habitats. How different were the reports in the
past.The African Fish Eagle was mentioned by Duhart & Descamps
(1963) as “common”, which may have indicated at least 100 pairs
in such a large area with ample breeding sites. Around the turn of
the 21 century no more than 15-30 pairs were estimated (van der
Kamp et al. 2002a) The Egyptian Vulture was considered “common”
by Guichard (1947), but has been scarce since the mid-1980s, except
for the dry years of 1992-1994 when flocks of up to 50-60 birds ap-
peared in the Debo area. The decline of raptors in the Inner Niger
Delta is similar to the overall decline in the Sahel and Sudan zone
of West Africa, as quantified by Thiollay (2006a), who saw, for in-
stance, 204 Egyptian Vultures along 3700 km of road transects in
1971-1973, but only 1in 2004.

Yellow-billed Kite on Rock of Gourao,January 2005.

The Arabian Bustard was “very common” in the Inner Niger
Delta in the late 1950s (Duhart & Descamps 1963), but constitutes
an exceptional encounter today. In the early 1970s, Thiollay (2006b)
observed 152 Arabian and 64 Nubian Bustards along his road
transects, but none in 2004. He argues that the decline had already
started before the 1970s.

All the species mentioned so far have one thing in common -
they are large and thus form an attractive target for the local
people. This may in part explain their decline. The older reports do
not pay much attention to smaller bird species, but Duhart & Des-
camps (1963) and Curry & Sayer (1979) made some interesting re-
marks about the Common Redstart (“very common in broadleaved
trees”), Quail (“very frequent” and “throughout the drier areas”),
Tawny Pipit (“common, occurring in flocks”, “found in most situa-
tions”), Turtle Dove (“immense large flocks”), Bluethroat (“small
numbers in many different habitats”), and Great Snipe (“very com-
mon”). Thirty years later, all these species have become less com-
mon or even rare. The Common Redstart has lost a large part of its
wooded habitat, and no one would classify its present occurrence
in the remaining forests as “very common” (see Box 3). The present
occurrence of the once common Great Snipe, of which we estimate
the total wintering population at 2000 birds (Table 41), can be de-
scribed as ‘rare and very local’. In our density counts, the Bluethroat
was 15 times less common than the Sedge Warbler, but it used to be
more common than this species in the late 1960s.

The early reports contain many such indications of profound
changes, and none for the better. We will, though, never know for
certain just how large the losses have been.
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creasing mortality factor in fish-eating birds in the Inner Niger Delta
(see for example Caspian Tern, Chapter 31).

Wood The loss of flooded forests has been described above. In the
past, the Inner Niger Delta was surrounded by extensive forests
of mainly Acacia seyal, inundated briefly at the peak of flooding
(Fig. 43), and A. nilotica and A. albida growing on the higher levees.
Relicts of these forests still remain at sacred sites, such as tradi-
tional burial grounds, or in thinly-inhabited parts of the Inner Niger
Delta. The extensive A. seyal forests hugging the northwestern sec-
tion of the Inner Niger Delta died during the prolonged drought in
the 1980s. The dead trees were cut and sold to local fishermen to
smoke their fish, but after 30 years, this source was exhausted, and
the price of wood started to rise in 2006 and 2007. The pressure on
the remaining local forests is likely to increase, because 45% of the
total fish capture (estimated at on average 56 000 tons, according
to the annual reports of the opm 1977-2003; Zwarts & Diallo 2005)
is smoked above a fire. Since 2 kg of wood is needed to smoke 1 kg
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Fig. 49 Flood forests used as breeding colonies in the Inner Niger
Delta since 1986. Colonies counted in 1999-2005 and newly discovered
colonies in 2005 are separately indicated. Most birds breed in Akkagoun
and Dentaka. From: van der Kamp et al. (2002¢, 2005a, 2005¢).
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of fish (Dansoko & Kassibo 1989), the annual wood consumption to
smoke fish is estimated at 50 000 tons. Wood production from A.
seyalis 10-35 m*/ha if managed on a 10-15 year rotation (Hall 1994).
In theory, the fish in the Inner Niger Delta can be smoked in a sus-
tainable way if wood is collected from forests encompassing 2000-
5000 ha. In practice, forests along rivers and near villages are being
overexploited, while the more remote forests are not yet visited fre-
quently.

Much wood is also needed to build and maintain the thousands
of boats. Every day fishermen in the Inner Delta use pirogues, small
slender boats made of planks some 3.0-3.5 cm thick and 40-80 cm
wide. The much larger pinasses, used for transportation of goods
and people, are made of larger planks. To build such boats, large
trees are needed. Indeed, the boats in the Inner Niger Delta are
made of very large tree species, mainly Khaya senegalensis, the ma-
hogany tree, reaching a height of 30 m and a diameter of 1 m. The
lifespan of boats, although made of tropical hardwood, is about 12
years (Kassibo & Bruner-Jailly 2003). Given the presence of 25 000
small pirogues (5-8 m long), 1500 large pirogues (10-25 m long) and
75 pinasses (30-50 m long) in the Inner Delta (Kassibo & Bruner-Jail-
ly 2003), it may be estimated that some 3000 large trees have to be
cut down annually in order to maintain the existing fleet. Since large
trees are now scarce in the surroundings of the Delta, the wood is
currently imported from Ivory Coast and Ghana.

Counting birds in the Inner Niger Delta

Various census methods were employed to quantify important
aspects of the bird fauna of the Inner Niger Delta (Fig. 48). First,
counts of breeding birds were focussed on the larger species, main-
ly those breeding colonially in the few remaining flood forests. Sec-
ondly, counts at roosts in the same forests were used to quantify
the number of cormorants, darters, herons, spoonbills and ibises,
mainly outside the breeding season. The following Section deals
with the aerial counts of wintering ducks and geese. Counts cover-
ing the entire floodplains are lacking for most other waterbirds. In-



To count birds on the flat floodplains of the Inner Niger Delta, a suite of supplementary methods has been applied, from aerial and ground surveys to

roost counts and plot sampling. A wide field of vision is needed to count the birds heading to nocturnal roosts or present by day on the floodplains,

and any elevation in the terrain —whether man-made (pirogue) or not (termite mound) — is exploited to improve the view. Plot sampling, here in wild

rice, was used to obtain quantitative data on widely dispersed birds.

Long-tailed Cormorants in Lake Debo.

stead, we use counts of the central lake area, where large numbers of
waders and other waterbirds concentrate during the receding flood.
Finally, we describe density counts used to estimate the wintering
population of passerines and skulking species. All census methods
are, not surprisingly, fraught with interpretation problems in so
vast an area, where logistics are a nightmare, and so they should be
viewed against this background.

Fig. 48 Timing and methods of bird counts employed in the Inner
Niger Delta, covering 62 ground surveys of the central lake area,

22 aerial counts, 7 systematic counts of large colonially breeding
waterbirds, 17 counts of herons and other waterbirds on major roosts,
and 1617 density counts performed between 15 November and 15 March.
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Breeding birds

Quantitative data of birds breeding on the emerging floodplains are
scarce (see below). Large colonial waterbirds, restricted to breeding
in forests, have been censused intermittently over the years (Fig. 48).
The Inner Niger Delta still harbours large heronries, even though
many flood forests have disappeared or been turned into dry forest
(Fig. 46). Cormorants, darters, herons, ibises and spoonbills breed
mostly in Dentaka forest along the eastern border of Lake Walado
and, to a lesser degree, in Akkagoun forest in the northwestern part
of Lake Debo. Two smaller colonies are near-annually used in the
southern and eastern part of the Inner Delta. Four new colonies
were discovered in 2005 (Fig. 49); according to local people the birds
here had already been breeding for several years before that.
Censusing colonial birds in the Inner Niger Delta is time-con-
suming, and a full census is stretched over months. Cattle Egrets
start to breed in the second half of June, while cormorants and most
other species do so in August-September. When the flood is high,
the breeding season is extended until January, but during a low

flood the colonies are already deserted by November. Quantitative
data are not easy to collect during the flood peak, since the forests
are standing in water 2-3 metres deep (and to complicate matters,
Acacia kirkii and Ziziphus mucronata are thorny). Only in the later
flooded stage is it possible to wade or walk across the forest to count
canopy nests of species which breed when the flood recedes (Grey
and Purple Heron, spoonbills, ibises).

Skinner et al. (1987b) based their population estimates on counts
of birds flying back to the colonies at the end of the day. This was
done throughout the breeding season, taking into account the re-
productive stage (one or both parents flying back at dusk) in order to
arrive at justified estimates. During the 1990s, roost counts were car-
ried out in late December and January and focussed on the flood for-
ests of Dentaka and Akkagoun, which contained important breed-
ing colonies. Since 1999 these counts have been performed in late
October and November during systematic boat surveys throughout
the southern half of the delta. Both counting periods have in com-
mon that bird numbers were quantified by the end, or just after,
the breeding season, when practically all birds commute between

Table 3 Estimated number of breeding pairs of colonial waterbirds in the southern half of the Inner Niger Delta, 1986-2006 (the same 4 colonies

in 1986/87 to 2005/06, 8 colonies - including 4 newly discovered - in 2005/06; Fig. 49). Egrets, excluding Cattle Egret, were lumped in the counts of
2005/06. Sources: Skinner et al. (1987b); van der Kamp et al. (2002a, 2005c).
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Max. water level, cm 34 1
Long-tailed Cormorant x 1000 17-17.5 16-17 18-20 16-17 17-19 4.8 7.2
African Darter 40-45 15-30 300-350 210-230 130-150 240-250 240-250
Grey Heron 10-15 30-50 1-10 0 0 ? ?
Black-headed Heron 10 1-5 <5 <5 <5 <5 <5
Purple Heron 0 2-10 0 0 0 0 0
Black-crowned Night Heron <10 100-300 1-10 <10 <10 ? <10
Black Heron 200-250 150 130 80 <50 ? 45-60
Cattle Egret x 1000 63-65 65-90 50-60 55-60 40-50 65-70 110-115
Squacco Heron 550-650 ? 500 500 500
Little Egret 900-1000 500-1000 500-1000 1000 1500
Little Egret dark morph 80-110 ? 80 80 50 3500 5000
Intermediate Egret 800-875 >200 1700 ? 1800
Great Egret 2800-3100 500-1000 1500-1800 800-1000 800-1000
African Openbill 30-40 0-1 0 0 0 0 0
African Spoonbill 300-350 50 100-150 ? 100-150 ? ?
Glossy Ibis 0 150 0 0 0 0 0
Sacred Ibis 30-40 50 200-250 ? 100 ? ?
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Whiskered Terns following a pirogue, Lake Debo.

feeding grounds and breeding sites. The number of breeding pairs
was assessed by dividing the counted totals by three (Delany & Scott
2006). Numbers were rounded up to account for missed birds (those
foraging between observation point and flood forest) and for birds
flying to the roost before the start of the counts at 16:30 (especially
Long-tailed Cormorants). Estimates for Great, Intermediate and Lit-
tle Egrets were based rather on numbers counted during waterbird
counts in the central Inner Niger Delta lakes combined with obser-
vations at breeding sites. The division factor (3 =2 adults plus one ju-
venile) is a rigid one as hardly any information on breeding success
is available. Walsh et al. (1989) recorded breeding success during a
Great Drought season (1986/87) in the Inner Delta for Cattle Egret
(1.87 young/nest), Great Egret (1.25) and Intermediate Egret (1.13).
It is likely that the breeding success is substantially higher during
years of high floods. For instance, Black-necked Herons breeding
on high trees in the southern Delta (>100 nests) showed on average
three large young per nest during the high flood of 1994; this would
give a division factor of 5 instead of 3. Since we were not able to cor-
rect for annual variations in breeding success, the derived number
of breeding pairs will constitute an underestimate in dry years and
an overestimate in wet years.

The systematic counts show that over 100 000 pairs of waterbirds
breed colonially in the flood forests in the southern half of the Inner
Niger Delta (Table 3). The Dentaka forest harbours the most impres-
sive colony, with 16 species and about 60 000 breeding pairs. The
large Dentaka colony should not be interpreted as a sign that colo-
nial waterbirds are doing well in the Inner Delta. On the contrary,
the birds are concentrated there because of a lack of suitable, undis-
turbed breeding areas elsewhere in the area. It is possible that some
colonies still exist in the northern part of the Inner Delta (though
recent field data are lacking), but this is unlikely, as the six known
flood forests have disappeared or turned into dry forest, reducing
breeding opportunities to virtually nil (Beintema et al. 2007). At the
same time the lower flood levels since 1973 reduced the extent of po-

Pied Kingfishers.

tential feeding areas (= area inundated) in the northern Delta much
more than in the southern part.

The Long-tailed Cormorant is a common species in the Inner
Niger Delta. Despite large annual variations in flooding, breed-
ing numbers remained more or less stable at 17 000-19 000 pairs
for at least 20 years (Table 3), but numbers suddenly collapsed in
2005. For reasons which are still unknown, large numbers of adult
and juvenile cormorants died during the second half of 2004. Many
thousands of birds, mainly cormorants, were found dead and dying
in the colonies, except in those situated along the Niger upstream
of Mopti (van der Kamp et al. 2005¢). Local food shortage may have
played a role, as first observations of “unnaturally ~ high numbers
of dying birds were reported by fishermen in June-July, at the end of
the dry season and before the onset of the breeding season. Locust-
spraying later on may have exacerbated the situation, but this seems
unlikely as Cattle Egrets, which largely depend on locusts, were not
affected.

African Darters have a patchy breeding distribution. Decades ago
they bred across the entire Delta. A single breeding site remains in
the Dentaka flood forest. Population size in 1999-2007 fluctuated
between 70 and 350 pairs, as evident from early morning counts
in February, around the end of their breeding cycle. The higher the
flood level, the larger was the increase in the population (van der
Kamp et al. 2005a, 2005¢). However, population growth is limited
by human exploitation, which was excessive in 2003 and 2007. Ac-
cording to local people, nomadic fishermen took all eggs and young
from the nests. Without human disturbance, the Darter would be
much more common in the Inner Delta than is presently the case.

Several heron and egret species breed in small numbers in the In-
ner Niger Delta (Table 3). The breeding populations of Black-head-
ed Heron, Black Heron, dark morph of Little Egret, Black-crowned
Night Heron, Squacco Heron, Sacred Ibis and African Spoonbill in
the central lakes are counted mostly during the final stage of the
flood or even in April-June when the rest of the delta is almost dry.
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Black-headed Herons breed in very small numbers in Dentaka (<5
breeding pairs). So far, breeding has been observed mainly during
the flood, on high Kapok trees Ceiba pentandra standing on dry el-
evations (toguérés), but in May 2005 (Beintema et al. 2007) and June
2006 (B. Fofana) 80 nests were seen on Acacia albida at the graveyard
of Kadial and >35 birds in breeding plumage on Dentaka’s - then
standing dry - A. kirkii trees, respectively.

Purple Heron and Glossy Ibis, which had not bred in the Inner Ni-
ger Delta for decades, started to do so during the flood of 1994, the
first high flood since 1972. At the same time, numbers of breeding
Grey Heron and Black-crowned Night Heron were also exceptionally
high (Table 3). All four species are Palearctic migrants which might
have profited from the favourable flood to double-brood in 1994
(first in mid-summer in Europe, and again in December in the In-
ner Niger Delta). An alternative, or additional, explanation consid-
ers the first breeding by subadult birds which have not yet returned
to Europe, as suggested by a subadult Purple Heron attending one
of the nests. Lamarche (1981) also states that in wet years Grey and
Purple Heron started nest-building between December and Febru-
ary. None of the local large, colonial breeding species, twelve in to-
tal, showed higher breeding numbers in 1994 (Table 3).

The white egrets are common breeding birds. Population trends
differ between species, with Great Egret showing a decline, Inter-
mediate (or Yellow-billed) Egret an increase and Little Egret stable
numbers (Table 3). The breeding population of the Little Egret (1000
pairs) constitutes a small fraction of the birds present in the Inner
Niger Delta, which are, for the most part, migrants from Europe.
The commonest colonial waterbird species in the Inner Niger Delta
is the Cattle Egret. Its numbers have been remarkably stable since
the late 1980s, with about 60 000 pairs in the well-known colonies.
As some colonies have been overlooked, it is likely that the breeding
population may have comprised up to 110 000 pairs (Table 3).

The status of eight other large waterbird species has to be writ-
ten in a minor key. Glossy Ibis may have been a regular local breed-
ing bird under well-flooded conditions such as, for instance, those
pertaining during the 1950s and 1960s. Morel & Morel (1961) found
Glossy Ibis breeding in the northern Inner Delta in March 1960.
Nowadays they may only breed - in small numbers - when flooding at
the nesting sites extends well into January-March, as was the case in
the 1994-1995 season (Table 3). The only Ciconia species breeding in
the Inner Niger Delta is Abdim’s Stork, with nesting sites reported
along the central lakes (Korientzé, Akka), in the northern reaches
(Goundam, near Timbuktu), and possibly in the Centre vide. Ma-
rabou, Yellow-billed and Saddle-billed Stork have disappeared as
breeding species. Lamarche (1980) mentions breeding for the last-
named species in the western Inner Niger Delta in January through
March, but the only records since the early 1990s were of two imma-
ture birds in June: one third-year bird in 2001 and one second-year
bird in 2003, both in Walado Debo.

Although listed as a breeding species in Table 3, reproduction of
African Openbills has not been recorded since the mid-1980s. The
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latest observations, of 2-3 birds near or at their breeding site in the
Dentaka flood forest, date from January 1992 and December 1993.
Since then African Openbills have been seen only once, during an
aerial count in early March 1999 (2 birds, Seri plain). A decline has
been noted across the western part of their West-African range (Bor-
row & Demey 2001).

Pelicans no longer breed in the Inner Niger Delta, at least not in
the last decades of the 20™ century. Roux (1973) mentioned young
Pink-backed Pelicans held in captivity by local fishermen and as-
sumed that the species might still be breeding somewhere in the
Inner Niger Delta. However, breeding evidence is lacking here. Dur-
ing the mid-1980s J. Skinner and S. Konta (pers. obs.) checked the
evidence for presumed breeding of Great White Pelicans on the
Dogon table mountains, 80 km east of the Delta. They recorded the
species (together with Yellow-billed Stork), but were unable to reach
the possible breeding site. Nearby villagers told that the species dis-
appeared in the early 1990s due to repeated poaching (van der Kamp
etal. 2002c).

The Black Crowned Crane is presently qualified as near-threat-
ened (Kone et al. 2007). In the Inner Niger Delta, the species would
certainly deserve the designation (critically) endangered, as only
fifty adult birds remained in 2001. Hardly any juveniles have been
observed since the early 1990s (van der Kamp et al. 2002c). In 1999-
2001 only one first-year bird was seen during monthly counts in the
central lakes; none were found in aerial surveys, during an overland
survey focussed on the species in May, or during earlier counts. The
overland survey team, including the regional crane expert who re-
mained convinced of a population comprising several hundreds of
birds, was unable to show us more than the 50 birds recorded from
the air. An inquiry into its status in Mali in the early 2000s revealed
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Fig. 50 Cumulative % of Long-tailed Cormorants and Cattle Egrets
arriving at, and Black-crowned Night Herons leaving, the Dentaka roost,
as they passed Garouye on 22 January 2004; sunset 18:15, civil and
nautical twilight 18:32 and 18:58 local time respectively.



Communal feeding of Little Egrets and Spotted Redshanks on emerging floodplains with scattered Ziziphus trees; Lake Debo.

fewer than 100 birds in the wild throughout the country (Beilfuss
et al. 2007), and another 400 cranes in captivity (Kone et al. 2007).
Considering its alarmingly low reproductive success, mainly due to
poaching, the resident population in the Inner Niger Delta is bound
to disappear.

A small colony of Whiskered Terns was found in Lake Debo in Au-
gust 1991, the first record of breeding in West Africa. Since then, we
found evidence for annual reproduction at the central lakes between
August and January. Colonies comprised up to several dozen nests;
the timing of laying within colonies varied considerably. Fledglings
were rarely observed, possibly due to natural and human predation.
This makes for a vulnerable population, estimated at some 200-250
breeding pairs in November 1999 (van der Kamp 2002c). Breeding
of Little Tern has been recorded almost annually in Lake Debo since
a small colony (7 breeding pairs) was found in May 1999 (van der
Kamp et al. 2002c).

Birds at communal roosts

Thirteen large waterbird species (Long-tailed Cormorant, African
Darter, African Spoonbill, eight heron species, Glossy and Sacred
Ibis) exploit the Inner Niger Delta, but concentrate in the few re-
maining flood forests to roost. This behaviour provides excellent
opportunity to count them, either early in the morning when they
leave the roost, or when they are heading back there in the late after-
noon (van der Kamp et al. 2002c). All species roost at night, except
the Black-crowned Night Heron, which feeds at night and roosts by
day.

Birds heading for, or leaving, the roost can be counted accurately
in the two hours preceding darkness or from civil twilight onwards in
the early morning. The method is labour-intensive, because roosts
attract birds froma 360" radius and several counting stations are of-
ten needed to cover all incoming or outgoing flights. For a complete

survey, roosts should ideally be counted simultaneously, a prereq-
uisite never met because of logistic problems associated with the
expanse of the region. Most birds roost in Dentaka forest on the east
side of Lake Walado in the central Inner Niger Delta, but to obtain
total numbers, at least a dozen other roosts should be counted as
well. At higher flood levels, birds are more evenly distributed across
the Delta, and hence over the available roosts. A complete survey of
all roosts takes more than a fortnight. Van der Kamp et al. (2002c)
performed more or less complete monthly counts of roosting birds
between October and February during three seasons (1998/1999 to
2000/2001). The same team managed to repeat this count in Octo-
ber/November 2002, 2004 and 2005 (van der Kamp et al. 2005c¢).
Numbers counted will often be too low. First, not all birds fly to
a roost — Purple Herons, for instance, increasingly remain on the
feeding site at night when the flood recedes. Secondly, due to lack
of time or logistic problems, it is not always possible to count all of
aroost’s sectors through which birds arrive or depart. Thirdly, birds
feeding just outside or even within the colony, and juveniles stay-
ing behind (whether or not capable of flying) on the breeding site,
cannot be accounted for; counting positions are always situated at
some distance from the forests in order to have an overview of move-
ments. Finally, counts start at 16:30, but Long-tailed Cormorants
may start earlier (involving small numbers only, and therefore not
relevant to the overall picture; Fig. 50). Most species still arrive in
numbers well after sunset, and some even well after civil twilight.
In particular, Black-crowned Night Herons are difficult to count, as
most individuals leave the roost when darkness has greatly reduced
visibility. Unless counts are made directly beneath the line of flight,
such birds are easily missed (although their loud croaking calls can
still be heard). However, a well-positioned observer may still cover
departing birds reliably, as checked on 22-23 January 2004 near
Garouye: 2859 departing Night Herons were counted, against 2810
returning birds next morning. Maximum numbers given here are
therefore approximations of actual numbers present in the Inner
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Niger Delta.Van der Kamp et al. (2002a) estimated the maximum
number of Black-crowned Night Herons in the Inner Niger Delta at
10 000 birds, but our most recent counts arrive at higher numbers:
10 730 birds left at sunset from the Dentaka forest on 30 January
2005, and as many as 21 000 on 7 February 2008.

Up to 50 875 Long-tailed Cormorants were counted on the roosts
after the breeding season (van der Kamp et al. 2002a, van der Kamp
et al. 2005¢). This total presumably represents the entire post-
breeding population (about 1.3 times the number of 18 000-20 000
breeding pairs; Table 3). The highest total of Cattle Egret (335 377
birds) was recorded in November 2005, equivalent to 1.5 times the
estimated breeding population of 110 000 pairs (Table 3).

Not only large waterbirds, but also some passerine species con-
centrate in impressive nocturnal roosts. In 1991/92 and 1998-2000

Fig. 51 Distribution of 900 000 Garganeys across the Inner Niger Delta
in January 1987; the satellite image is of another date (10 November
1984). Numbers were summed for all 18x18 km squares. From: Skinner
et al. 1987b.
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Yellow Wagtails had huge roosts near Lake Debo. A major roost
on bhourgou on the eastern shore of Lake Debo held up to 200 000-
300 000 birds by the end of November, some 2500-5000 already be-
ing present in the first half of September. This seasonal trend was
more or less parallelled by Sand Martins at the same site; starting
in September, roosting numbers (100-500) increased to a maximum
of over 500 000 birds. Both species had abandoned this roost by late
November/early December, in the last weeks before the peak flood
arrived in the central lakes. Three surveys in October-November in
the southern Inner Niger Delta showed very few Yellow Wagtails and
Sand Martins, suggesting that most birds stayed in the northern In-
ner Niger Delta awaiting the improvement of feeding conditions in
the southern delta’s drainage. In Mopti numbers built up as soon as
numbers on roosts in Debo started to decline (van der Kamp et al.
2002a).

Bird counts from the air

The Inner Niger Delta is large, not to say huge. Even when a low- and
slow-flying aircraft is used, it takes two trained ornithologists about

Table 4 Aerial counts of 13 waterbird species in the Inner Niger Delta
in January (February in 1987). Data from the African Waterbird Census
database of Wetlands International. Original sources: Roux (1973) for
1972 count, Skinner et al. (1989) for ducks in 1977-1983, Trolliet & Girard
(2001) for Ruff in 1977-1980, Roux & Jarry (1984) for 1984, Skinner et al.
(1987b) for 1986 and 1987, Girard et al. (2004; 2006) for 1999-2006; the
2007 count is pre-published in African Bird Club Bulletin 14: 223-4; the
original source of the 1985 count was not found. The water level on 15
January refers to the gauge of Akka.

Water level 15 January, cm

Glossy Ibis ? ? ? ?
White-faced Whistling Duck 19267 16887 73647 40759
Fulvous Whistling Duck 300 2970 23075 1916
African Pygmy Goose 130 10 68 52
Knob-billed Duck 2655 193 19818 9196
Spur-winged Goose 1513 2476 1686 5545
Egyptian Goose 1729 730 1829 343
Northern Shoveler 10 2350 2207 588
Northern Pintail 26788 100610 384685 65852
Garganey 92427 306465 492917 112867
Ferruginous Duck 37 4000 892 4015
Black-tailed Godwit 20700 37300 19009 55060
Ruff 103705 185750 246850 75640




50 hours to cover the entire area and to obtain a rough estimate of
the large, conspicuous bird species, such as ducks and large herons
(Girard et al. 2004). This method is less suitable for smaller bird spe-
cies like African Pygmy Goose and small waders (Roux & Jarry 1984,
Girard & Thal 1999, 2000, 2001; van der Kamp et al. 2002a; Girard et
al.2004).

Thanks to the efforts of CRBPO, WWF/IUCN and ONCFS, a long
series of aerial counts is available of waterbirds in the Inner Niger
Delta during the northern winter. Counted numbers were summed
for 171 18x18 km squares (see Fig. 51 for Garganey in January 1987).
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Fig. 52 Llong-term change in waterbirds during aerial counts in the
Inner Niger Delta in January or February, 1972-2007 (data from Table 4).
The annual change is derived from an exponential function of counted
number against year. The significance of this function is given: P<0.01 =
** P<0.001=""".

The 15 mid-winter counts since 1972 (Fig. 48) highlighted the pres-
ence of about one million ducks and geese, of which Garganey is in-
variably the commonest species. The figures show wide annual vari-
ations, which may be partly related to methodological problems.
Girard et al. (2004) stressed how difficult it is to perform a complete
survey; even from an aircraft, birds may easily be overlooked or misi-
dentified. This is certainly true in years of extensive flooding when
birds are scattered over the entire Delta. However, birds may also be
overlooked in extremely dry years, when they are concentrated on
the Niger River outside the Inner Niger Delta (Roux & Jarry 1984).

Aerial surveys were performed from a variety of aircraft, either
low-winged or high-winged, the latter permitting superior visibility
and therefore being used consistently in later years. Flights were
made at less than 100 m above ground at an average speed of 150
km/h (Roux 1973, Trolliet & Girard 2001). From this altitude flocks
of Anatidae were easily located up to 400-500 m, or even further,
away when emergent vegetation was scarce and light conditions
favourable. Even so, large flocks of ducks feeding in pools covered
with water lily, so common in the centre of the Inner Niger Delta,
were difficult to discover. Two observers, one each on either side of
the plane, noted birds and numbers using a tape recorder, marking
the route on a map and noting the time every 15 minutes. The Delta
was fully covered. The uneven distribution of birds does not justify
extrapolation, and this also has not been attempted.

When numbers counted are plotted against water level (data giv-
en in Table 4), no significant correlation was found for any of the 13
species, contrasting with our expectation that low flood levels would
coincide with fewer birds. Several explanations can be put forward
to account for this counter-intuitive finding. First of all, methodo-
logical problems differ for counting during high and low floods.
Secondly, whereas most aerial censuses took place in January, the
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Cattle Egret feeding in dry bourgou are often found in association with
cattle, preying on locusts and grasshoppers disturbed by the thousands
of hooves.

8 July 1985
-2cm

26 Aug 2000
294 cm
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biggest impact of low flooding on mortality materialises at a later
date, i.e. in the last stage of the deflooding, when feeding and rest-
ing sites are in short supply. Thirdly, waterbirds may have redistrib-
uted in response to changing conditions in the Inner Niger Delta. In
dry years, waterbirds move in part from the Inner Niger Delta to the
Niger River, downstream of Timbuctu. Aerial counts along the Niger
River between Timbuctu and Gao yielded low numbers for all spe-
cies in relatively wet years (1972, 1977, 1979, 1980, 1999), whereas
substantial numbers may occur in dry years, as for instance in 1983,
when 29 000 Pintails, 26 000 Garganey, 33 800 Fulvous Whistling
Ducks, 3800 Glossy Ibises, 1350 Black-tailed Godwits and 7565 Ruff

Fig.53 Thecentral lakes (Debo, Walado and Korientze) on four days (true
colour composite based on Landsat scenes; 51 x 67 km) with different
flood levels (water level at Akka varying between -2 and +511 cm). The
census area is outlined.

28 Nov 1999
.28 Nov 1999
= 1 cm



Table 5 Maximum numbers recorded during 62 counts of the central lake area between December 1991 and February 2007. From:van der Kamp et al.
(2002a, 2005a, 2005¢).

Species Maximum Month Species Maximum Month
African Darter 493 June 2002 Pied Avocet 86 Jan1994
Long-tailed Cormorant 13521 Feb 2005 Great Snipe 140 Mar 2001
Great White Pelican 4300 May 2000 Egyptian Plover 753 Aug 2000
Grey Heron 6218 Mar 2001 Greater Painted Snipe 102 Jun 2002
Black-headed Heron 94 June 2004 Collared Pratincole 20904 Jan 2005
Purple Heron 4606 Mar 2000 Black-headed Lapwing 16 Sep 2000
Black-crowned Night Heron 4620 Apr 2001 Spur-winged Lapwing 5829 Jul 2000
Squacco Heron 1667 Feb 2000 Afican Wattled Lapwing 12 Jul 2001
Western Reef Egret 261 Apr 2000 Kittlitz's Plover 13887 Jun 2004
Black Heron 390 Mar 1999 Common Ringed Plover 6073 Feb1998
Cattle Egret 5571 June 2003 Kentish Plover 3 Jun 2003
Little Egret 1m00 Mar 2001 Little Ringed Plover 36 Feb 2007
Intermediate Egret 1503 Feb 2000 White-fronted Plover 791 Aug 1998
Great Egret 5534 Jan 2000 Grey Plover 7 Jan 2005
African Spoonbill 900 Apr 2001 Black-tailed Godwit 37654 Jan 2005
Eurasian Spoonbill 75 Feb 2005 Eurasian Curlew 372 Aug 1998
Glossy Ibis 15375 Jan1992 Little Stint 38362 Apr 2001
Sacred Ibis 160 Apr 2001 Curlew Sandpiper 3754 Mar 2000
White-faced Whistling Duck 6643 Jan 2005 Green Sandpiper 2 Mar 2001
Fulvous Whistling Duck 9500 Dec1991 Wood Sandpiper 755 Apr 2001
African Pygmy Goose 664 Jan 1995 Common Sandpiper 74 Aug 2000
Knob-billed Duck 9124 Dec1993 Ruff 90470 Jan1992
Spur-winged Goose 11481 Jun 2004 Common Redshank 8 Feb 2006
Egyptian Goose 900 Apr1996 Spotted Redshank 4557 Feb 2004
Northern Pintail 150000 Dec 1993 Common Greenshank 3031 Feb 2007
Garganey 273000 Dec 1993 Marsh Sandpiper 185 Mar 2001
African Fish Eagle 5 Feb94+Jan97 Lesser Black-backed Gull 236 Feb 2002
Osprey 5 Feb 2006 Grey-headed Gull 242 Jan 1994
Yellow-billed Kite 346 Feb 2003 Black-headed Gull 33 Feb 2000
Eurasian Marsh Harrier 458 Feb 2007 Gull-billed Tern 3896 Feb 2007
Pallid Harrier 2 Feb 2005 Caspian Tern 3545 Feb 2002
Montagu’s Harrier 26 Jun 2003 Little Tern 346 Mar 2000
Black Crowned Crane 50 Jan1992 Whiskered Tern 6679 Feb 2005
Senegal Thick-knee n9 Jan1994 White-winged Tern 5874 Jan1997
Black-winged Stilt 5536 Feb 2004 Marsh Owl 70 Jun 2002

were recorded. Similar or even higher numbers were observed in and Niger (e.g. 34 500 Garganeys in 1978, 28 500 Fulvous Whistling
two other dry years, 1978 and 1984 (e.g. 4260 Black-tailed Godwits in Ducks in 1983 and 19 700 Ruff in 1984). However, such numbers are
1984). In those years of drought, large numbers were also counted still small in comparison with those staying in the Inner Niger Delta
further downstream, between Gao and the border between Mali at large.
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Fig. 54 Numbers of Caspian Terns in the central lakes of the Inner
Niger Delta in 1991-2007 (see Fig. 48 for months censused, and Fig. 53
for outline of census area). (A) Monthly totals. (B) Numbers in October
—March as a function of water level. (C) Maximum number per year in
January — March (water level less than 250 cm; left axis); the bars show
the maximum flooding in the preceding months (right axis).
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Over a 35-year period, most waterbirds show a negative popula-
tion change (Fig. 52). Declines may have been larger than indicated,
since the earlier counts in 1972 and 1982 were incomplete (Roux &
Jarry 1984). The aerial counts (Table 4) show that around 1980, about
half a million Garganey spent the northern winter in the Inner Del-
ta. Numbers were severely reduced in the dry years 1984 and 1985
to 100 000-150 000, but in 1999-2006, between 200 000 and 900 000
birds were counted. The counts suggest no overall decline for this
species in the Delta, constrasting with trends in the breeding areas
(see Chapter 23). The 200 000-400 000 Northern Pintails counted be-
fore the Great Drought were reduced to about 100 000 in 1984, after
which the population remained at this much lower level in the fol-
lowing years (see Chapter 22). Northern Shovelers showed up in sur-
prising numbers in January 2006. The species, if seen at all during
aerial censuses, so far had been counted in negligible numbers in
the Inner Niger Delta (Table 4). Recent counts revealed an increas-
ing number of Ferruginous Duck, with major concentrations in Lac
Horo and Lac Fati in the northern Delta. The species avoids the flood-
plains and feeds in lakes with stagnant water which still contained
water as long as their stay lasted, even during the Great Drought.
Knob-billed Ducks declined during the Great Drought, without re-
covering in later years. Up to 74 000-87 000 White-faced Whistling
Ducks were counted before the Great Drought, and similar num-
bers were present in 2001. Also Spur-winged Geese remained stable;
over the last 30 years, aerial surveys showed 3000 to 6000 birds and
in 1986 an outlier of 19 000. The Egyptian Goose, with some 2000
present until 1984, has decreased to a few dozen since then. Also Af-
rican Pygmy Goose shows a clear decline. The largest number (130
birds) was seen in 1972 during an incomplete survey, with relatively
low numbers recorded for all other species. Recent aerial counts re-
vealed only 0-23 birds, but this species is easily overlooked from the
air (Roux & Jarry 1984). The Glossy Ibis showed an obvious decline
(see also Chapter 21). The counted numbers of Black-tailed Godwit
and Ruffvaried annually, but showed no clear trend.

Bird counts of the central lakes

Within the Delta, the central lakes (Lake Debo, Walado and Kori-
entze; Fig. 53), an area of 460 km?, have been covered by systematic
bird counts since 1992 (van der Kamp et al. 2002a, 2002b, 2005a). It
takes four to seven days to count all waterbirds in the central lake
area. Depending on water level, the counts were made from a boat or
whilst walking along the shores (van der Kamp 2002a). No attempt
has been made to correct for underestimates in species that are se-
cretive or are otherwise easily overlooked. Moreover, small passer-
ines, such as Yellow Wagtail, have not been included in these counts;
for such species, density counts have been employed (see below).
The ornithological significance of the central lakes is obvious from
Table 5. Maxima are not that different from near-maxima, i.e. they do
not refer to outliers. Most Palearctic species are commonest in Feb-



ruary-March, whereas local bird species often peak in May-June.
The bird counts of the central lakes will be used in Chapters 15-
41, including comparisons with density counts. Here we deal with
the question of how to interpret the bird counts in the central lakes,
which cover about 2% of the entire floodplain, but at a water level of
0 cm in Akka, constitute 70% of all water available; the remaining
water is to be found mainly in the permanent lakes in the far north
of the Delta. When the water level is less than 300 cm, the census
area still covers about 20% of the water bodies in the Inner Niger
Delta. The low-lying position of the Debo-Walado-Korientze-lakes
explains why most waterbirds become concentrated here; elsewhere
in the Delta, only few, mostly stagnant, permanent lakes remain.

Obviously, the monthly counts cannot be used to show seasonal var-
iations in numbers. Thus, while the census area is not representa-

Many fish-eating species assemble in shallow waters during the tive for the Delta, the counts reliably monitor annual fluctuations in
receding flood, like Long-tailed Cormorant, Black Heron, Little Egret, waterbird numbers (as illustrated for Caspian Tern, Black-winged
Black-winged Stilt, Greenshank, Whiskered and White-winged Terns. Stilt and Eurasian Marsh Harrier).
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Fig. 55 Counts of Black-winged Stilt and Eurasian Marsh Harrier in the central lakes of the Inner Niger Delta (Fig. 53). Upper panels: numberas a
function of water level in October-February; lower panels: annual presence, calculated as average percentage deviation from the line shown in upper
panel. Note: no count in 1993.
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Akka, cm

African Darter 59 20 38 52 14 18 82 106 109 19 14 18
Long-tailed Cormorant 4460 13521 4349 9337 2562 6681 12185 5957 5616 1014 2829 509
Grey Heron 795 885 3475 52 4167 3998 47 5663 2574 3501 2246 1847
Purple Heron 848 850 1630 1523 766 795 277 a7 1880 1913 1242 974 1425
Black Heron 80 90 252 20 68 390 82 320 236 130 n 0
Cattle Egret 3250 1600 Ll 5054 184 1054 351 625 339 99 624 978
Little Egret 3520 178 2831 226 3001 5285 4002 10915 2178 2418 5723 5340
Intermediate Egret 309 35 450 510 98 1501 926 253 65 70 64
Great Egret 1850 2469 612 19 1809 1205 5534 2386 2131 1158 1958 840
African Spoonbill 0 238 n 0 86 1 430 19 186 0 140 1 3
Eurasian Spoonbill 0 38 0 0 0 0 7 4 0 0 51 38 75
Glossy Ibis 15375 4585 612 6125 131 6907 3149 1620 10651 6122 3554 252 8295
Sacred Ibis 133 129 6 Ul 0 150 188 25 518 20 86 44 54
White-faced Whistling Duck 340 1860 22 157 0 0 28 2 44 0 83 14 6643
Fulvous Whistling Duck 9500 5750 43 472 25 2 14 2 2 0 0 0 148
African Pygmy Goose 30 133 664 130 68 0 68 2 8 0 6 0 0
Knob-billed Duck 991 9124 27 129 0 50 13 12 458 902 0 2 178
Spur-winged Goose 82 105 2247 260 75 930 1951 1662 710 2001 208 685 110
Egyptian Goose 19 403 34 780 0 649 530 86 217 27 0 12 60
Northern Pintail 140000 150100 130 0 0 10 0 0 0 0 0 0 0
Garganey 95700 273000 4500 10000 10155 5316 49 144 3770 0 336 60 4525
Eurasian Marsh Harrier 116 196 151 215 175 302 231 195 193 275 336 64 222
Black Crowned Crane 50 3 0 3 0 0 32 4 4 0 0 1 0
Common Moorhen 17 0 0 124 0 41 9 35 59 0 0 186
Purple Swamphen 49 0 0 n 296 176 103 122 10 90 18 375
Black-winged Stilt 3291 5299 181 3306 300 4573 2758 37 2998 1078 134 1775 3930
Egyptian Plover 68 100 107 63 57 59 il 139 95 7 57 48
Collared Pratincole 6270 8254 597 136 2540 954 1417 1972 1515 125 5257 538 20904
Spur-winged Lapwing 166 58 295 145 462 256 200 571 283 506 230 724
Common Ringed Plover 251 9N 534 2037 20 6073 3664 4696 3070 1048 4136 2694 1595
Black-tailed Godwit 25136 23561 16973 16759 300 20126 26852 7074 22444 29195 20261 9136 37650
Eurasian Curlew 164 339 69 129 4 258 245 137 212 87 91 140 57
Little Stint 6900 13956 3165 6106 53 17666 11629 10962 10653 7472 6090 13032 4101
Curlew Sandpiper 426 4 530 2979 23 2770 2315 3754 1196 268 2475 1356 675
Wood Sandpiper 5 31 5 15 7 73 55 75 285 27 58 35 96
Ruff 90470 39050 17898 45958 1338 45075 26341 767 47281 39646 26785 4262 31833
Spotted Redshank 1776 3108 1040 419 n 3318 4431 807 on 1956 2266 4557 1153
Common Greenshank 297 421 413 685 34 892 1701 1811 1571 1364 403 2513 1416
Grey-headed Gull 170 242 181 40 88 60 12 2 19 0 1 0 0
Gull-billed Tern 465 1745 466 1564 100 1948 2364 2179 3344 1420 3086 1635 2080
Caspian Tern 2585 2519 1596 1583 31 2685 2783 3193 3334 2999 2469 2586 2781
Little Tern 325 160 172 136 84 133 140 346 283 86 51 31 179
Whiskered Tern 1810 1721 1703 2403 2453 3494 3227 3146 2059 2046 2217 6679
White-winged Tern 102 1410 1239 5874 3104 3241 2233 2902 1906 4009 2588 2212
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Table 6 Maximum number of birds counted in Lake Debo and Walado
in December - March 1991-2007 (1-4 counts per season; blanks if not
counted). The water level in Akka (2nd line) refers to the last count
before 1 April, when usually the highest numbers were recorded. The
last four columns give statistical details. R is the correlation between
maximum number counted in a year and either water level in Akka or
year (n=15). A multiple regression was performed on the 35 counts avail-
able for the period December-March to analyse the long-term change
(number against year), taking into account the relationship of bird
numbers with water level (3rd degree polynomial) and maximum flood
level in that season (linear function); b1is the standardised coefficient
of number against year (thus without water level) and b2 the same
coefficient but including the four variables describing the impact of
water level. The significance level is indicated: P<0.05 red; P<0.01 green,
P<0.001 blue.

Purple Heron in high bourgou vegetation. Niger, January 2008.
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White-faced Whistling Duck, Garganey, Black-winged Stilt, Black-tailed
Godwit and Ruff.

Caspian Terns arrive in the Inner Niger Delta in September-Oc-
tober, but in the central lakes large numbers are only present from
January until their departure in March (Fig. 54A). The first Caspian
Terns enter the central lake area when the water level drops below
300 cm (Fig. 54B). With a further decrease of water level, numbers
increase. From the moment that the water level drops to 200 cm (it
keeps reducing steadily), their numbers remain constant until de-
parture. All Caspian Terns wintering in the Inner Niger Delta are
by then concentrated in the central lakes, where they roost on the
available levees and sandbanks and feed in nearby shallow water.
The variation in numbers at a water level below 200 cm is a reliable
reflection of total numbers present (and having survived so far) in
the Inner Niger Delta in any one year (Fig. 54C). Until 2002, counts
made at water levels below 200 cm show a gradual increase in num-
bers, followed by a decrease in later years (Fig. 54C); this will be
explained in Chapter 31. In general, numbers are higher when the
preceding months showed a high flood, indicating higher survival
during high floods.

Black-winged Stilts show up in the central lakes at water levels
below 250-300 cm. In contrast to Caspian Terns, numbers steadily
increase with receding water level, to a peak level of 5500 birds (Fig.
55A). This is about half of the 12 000 birds maximally counted in
the entire Inner Niger Delta from the air in 2006 and 2007 (Table
4). Departure from the Inner Niger Delta starts in early March. Stilts
feed in shallow water and can be found in depressions and other
temporary lakes during the receding flood until they dry up. The
number of temporary lakes containing water gradually decreases
between November and March, which explains why the numbers in
the central lakes continue to increase during this period. For each
cm of decrease in water level from 300 to 0 ¢cm, Stilt numbers in the
central lakes on average increase by 20 birds (Fig. 55A). To check for
annual variations in numbers, we calculated the difference between
counted and predicted numbers relative to water level during the
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count. The wintering population was remarkably stable between
1992 and 2000, with above-average numbers in 2001-02 and 2007,
and below-average numbers in 2004-06 (Fig. 55A). The 3258 Stilts
counted in 1991 by Tinarelli (1998) at a water level of 122 ¢cm repre-
sent an 8% above-average data point (not included in Fig. 55).

The story of water level-dependent numbers in the central lakes
is — as expected - about the same for many other waterbirds and
related species, including the Eurasian Marsh Harrier, a predator

Eurasian Spoonbill**
Purple Swamphen
Common Moorhen
Common Greenshank*
Wood Sandpiper*
Gull-billed Tern*
African Spoonbill
Common Ringed Plover
Little Egret
Grey Heron
Spotted Redshank
Spur-winged Lapwing
Whiskered Tern**
Black-winged Stilt
Sacred Ibis
Black-tailed Godwit
Great Egret
Eurasian Marsh Harrier
Caspian Tern
White-winged Tern
Little Stint
Curlew Sandpiper
Purple Heron
Collared Pratincole
African Darter
Ruff
Glossy Ibis
Eurasian Curlew
Egyptian Plover*
Little Tern
Black Heron
White-faced Whistling Duck
Intermediate Egret
Long-tailed Cormorant**
Cattle Egret**
Spur-winged Goose
Black Crowned Crane*
Egyptian Goose
Knob-billed Duck*
Garganey*
African Pygmy Goose**
Grey-headed Gull**
Fulvous Whistling Duck*
Northern Pintail**
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Fig.56 Theaverage changein waterbird numbers counted in Lakes Debo
and Walado between 1992 and 2007 (data from Table 6). The significance
of this function is given as: P<0.05%, P<0.01 = **, P<0.001=""".



Box 7

The significance of the lower floodplains for
Glossy Ibis and Corbicula-eating waders

The water level on the floodplains of the Inner Niger Delta changes con-
tinuously between flooding and deflooding, an endless cycle of a dust-
laden world transformed into wetland and gradually back into dry land.
These extremes embrace intermediate stages that temporarily spell op-
timal foraging and resting conditions for water-associated birds. Water-
birds follow the retreating shoreline and consequently their distribution
alters from day to day (Fig. 57). For some species, a change in distribution
coincides with a change in diet. However, most bird species have a flexi-
ble, patch-related prey choice, induced by changes in distribution caused
by the retreating water. For instance, the diet of Black-tailed Godwits and
Ruff changes from rice grains, when available in inundated rice fields, to
molluscs, when reduced flood level forces the birds into the lowest flood-
plains. Several mollusc species are taken, the most important one being
a cockle-like sturdily-shelled bivalve 3-14 mm long, Corbicula fluminalis.
Less important are Caelatura aegyptica, a larger, thin-shelled bivalve
(<30 mm) and a small snail, Cleopatra bulinoides. These prey are taken
not only by Black-tailed Godwits and Ruff, but also by Glossy Ibises and
Black-winged Stilts. We determined prey selection and daily food intake
in these birds and compared their combined predation pressure with the
total food stock available at different water levels (van der Kamp et al.
2002b, van der Kamp & Zwarts unpubl.).

The birds swallow Corbicula intact and crack the hard shell in the
gizzard. Ruff have a small gizzard and appear to select the smaller Cor-
bicula, at least when they swallow the prey whole (Fig. 58), but many,
like other waders, take the flesh from the gaping valves, an easy alterna-
tive since Corbicula die after emersion. Most Ruff eating dying bivalves
are females, presumably because their gizzard is not strong enough to
crack the shells. Black-tailed Godwits and Glossy Ibises ignore the small
Corbicula taken by Ruff (Fig. 59).

Feeding starts early in the morning at 7:00 and continues until 18:00
(sun rise: 6:45; sunset 18:15). By counting the number of prey taken by
individual birds, the daily consumption of the different species could
be derived: 5600 Corbicula by an average Godwit and 9500 Corbicula
by Glossy Ibis. Although Corbicula shells are crushed in the gizzard, the
umbo (the part of the shell where the two valves are attached) remains
intact. The width of the umbo and the length of the shell are closely
related, showing a good exponential fit between size and flesh weight.
Using this relationship, it was possible exactly to determine size selec-
tion by predators and to derive prey weights from the umbos found in
droppings. By combining these data, individual daily food consumption
could be estimated.

The numbers of Ruff and Black-tailed Godwit have been stable at
40 000 and 30 000 birds respectively, whereas Glossy Ibis crashed from
30 000 in the early 1980s to 3000 in 2007 (Chapters 21, 27 and 29). Con-
sequently, the combined predation pressure decreased from 650 million
Corbicula per day in the 1980s to 450 million Corbicula per day 25 years
later; expressed in terms of dry weight, from 3.3 to 2.2 ton per day. Since
Corbicula is the main diet for these bird species in the last month before
their departure to the breeding quarters, their total annual predation

Fig. 57 How different bird species exploit the Inner Niger Delta relative
to water height (From: van der Kamp et al. 2002b).

amounts to about 100 tons dry weight. How does this relate to the total
amount on offer?

Corbicula live close to the surface and filter food from the overly-
ing water. In the Inner Niger Delta, the species is found only on those
floodplains that are covered by water for at least 6 months a year. High-
est density is achieved on plains covered by water for 8-9 months. This
clam species is a major prey for fish (Tilapia), and, during deflooding, for
birds as well. When fully emerged, they die. The few individuals surviv-
ing the dry period produce the offspring for the next flood. Based on
1311 samples taken during three years (1999-2001), we estimated total
food supply (dry flesh) on the floodplains around Lake Debo in January-
March at 26 ooo tonnes of Corbicula, 750 tonnes of Caelatura and 650
tonnes of Cleopatra. The birds consume 100 tonnes/year, i.e. less than
0.4% of the available flesh mass. This does not imply, however, that food
is always exploitable, even when abundantly available. For example,
Glossy Ibis feed in shallow water less than 20 cm deep, Black-tailed God-
wit prefer a water depth of 15 cm and the still smaller Ruff forages in
water less than 5 cm deep. Food therefore varies in accessibility during
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Fig. 58 Size of Corbicula found in six Ruff and one Black-winged Stilt
as a function of the weight of their gizzard.
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Fig.59 The size classes of Corbicula selected by Ruff, Black-tailed God-
wit and Glossy Ibis compared to the frequency distribution of the bi-
valves present in the substrate.

higher water levels, or dies when the plains have dried out. To estimate
daily available food supply, we need to know the food supply in the zone
of shallow water < 20 cm. The digital elevation map (of which Fig. 46
gives a simplified version) shows that the shallow zone around Lake
Debo measures 5 km? at a water level of 200-250 cm at Akka. This zone
increases to 23 km?at a water level of 150 cm, but decreases substantially
to 5 km2 when the water level drops below go cm.

The average biomass of food available for mollusc-eating birds, such
as that found in the shallow zone with <20 cm water, is determined by
surface area and prey density. When the first floodplains become ex-
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Fig. 60 Biomass (tonnes dry flesh) of prey as a function of water level
(gauge at Akka). Caelatura has been split into two size classes, since
bivalves > 25 mm are too large to be eaten by Glossy Ibis.

m?, together 16.9 g/m?. Despite the wide shallow zone at a water level of
about 150 cm, available biomass is still very poor due to low prey density
(Fig. 60). Food is most abundant when the dense Corbicula banks found
at 40-60 cm come within reach of the birds. Given a daily consumption
of about 3 tonnes a day, the combined daily predation pressure varies
from 63% at a water level of 100-200 cm, to only 1.6% at 50 cm of water.
However, water level decreases at about 3-5 cm a day. Thus, when the
first Glossy Ibises start feeding in 20 cm-deep water, it will be another 4-7
days before Ruff are able to exploit the same site. When this is taken into
account, predation pressure remains very low when the large Corbicula

Ruff, Black-tailed Godwit and Glossy Ibis feeding on Corbicula (centre left), Caelatura (centre middle). The faeces (right) were analysed to reconstruct

prey selection of the three bivalve-predators.

posed during deflooding, the density of molluscs is still very low. Even at
a flood level of 100 cm, prey density is not higher than 15 Corbicula/m?,
9.5 Cleopatra/m?and 3.8 Caelatura/m?,in total 0.4 g/m2 With water level
decreasing even further, density increases rapidly to reach its peak at a
level of 50 cm: 2400 Corbicula/m?, 281 Cleopatra/m? and 19 Caelatura/
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banks are exploited. However, with the water level down to 100 cm, the
calculated predation pressure is higher than the estimated food supply.
This suggests that either food supply is underestimated, or predation
pressure overestimated. In any case, we are convinced that the birds de-
plete prey stocks entirely at this stage of the flood, because our sampling



Ruff and Black-tailed Godwits feeding on Corbicula.

along transects in 20-60 cm deep water showed that prey were com-
pletely absent on the exposed floodplains, where a fortnight earlier high
densities had remained. These data further suggest that mollusc-eating
birds, after arrival on the shores of Lake Debo at a water level of 150-200
cm, face food shortages for at least 1-2 weeks. These observations raise
several questions.

First, is the achieved food intake sufficient to fatten up, and if so at
what rate? We estimated daily gross food intake of Black-tailed Godwit
at 650 kJ; 20% of the energy intake is not assimilated, and net energy
intake is therefore 520 kJ per day. From captive Godwits we know that,
at constant body mass, the bird needs 360 kJ, so 160 ki is available to
build up body reserves necessary for migration, enabling them to in-

crease their body mass with an estimated 1.3% per day (A.-M. Blomert &
L. Zwarts, unpublished). This rate of body increase is similar to that found
in other waders on the Banc d’Arguin, living at the same latitude at the
same time of the year (Zwarts et al. 1990). Bar-tailed Godwits flying
non-stop from the Banc d’Arguin to the Wadden Sea have depleted their
entire pre-migratory body reserve of 40% upon arrival in the Wadden
Sea (Piersma & Jukema 1990). Assuming that Black-tailed Godwits in the
Inner Delta also fly the 4000 km non-stop to the Dutch breeding areas

Glossy Ibis feeding on Corbicula.

(Chapter 27), they need about a month to attain the necessary departure
weight. Our estimated rate of fattening up refers to Godwits feeding on
Corbicula banks in February 1992. The daily consumption was lower in
the previous two months, when the birds consumed mainly Caelatura.
Thus, it is not unreasonable to assume that, at a higher flood level, the
rate of fattening up would be lower.

Secondly, is Corbicula essential for Glossy Ibis, Godwit and Ruff to
fatten up in the central Inner Niger Delta? At the prevailing flood lev-
els of the last 10-20 years, the birds exploit the Corbicula banks from
February until their departure in March. How do they fatten up at much
higher flood levels, such as those in the 1950s? This is a difficult ques-
tion to answer, as we have no data on the distribution of Corbicula at
different flood levels. It may be that at higher floods Corbicula also oc-
curs higher up the floodplains and thus may remain the basic prey for
mollusc-eating birds. If not, the birds have to fatten up on a different
diet, e.g. rice grains, as they do in the coastal rice fields of Guinea-Bissau
(Chapter 27). But how can they fatten up at much lower flood levels
when Corbicula banks become available early in January, but hardly any
molluscs are available in February-March? So far, we have no indication
that the birds do advance their fattening up prior to departure from the
Inner Niger Delta. Instead, extreme droughts create serious bottlenecks,
as was shown in 1984/198s, the driest year of the century in the Sahel.
Although female Ruff captured in late March were desperately looking
for food, they lacked fat reserves —in fact, the body mass of these birds
was even less than lean weight. A substantial cohort of females was
unable to depart from the wintering grounds (males depart earlier than
females) and must have perished that year (van der Kamp et al. 2002b;
Chapter 27).

Thirdly, the last question boils down to a more general phenomenon,
discussed in Chapter 43: is the timing of departure invariable or related
to year-to-year variations in food supply which are determined by flood
level or rainfall? The main conclusion from all the above observations
is that, even in a large dynamic wetland such as the Inner Niger Delta,
where birds seem to have so many opportunities to search for and ex-
ploit optimal feeding conditions, food supply still may be a limiting fac-
tor in some cases.
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which, in the Inner Niger Delta, shows a sex-specific habitat choice,
with females and juveniles preferring wetlands and males the drier
surroundings (Chapter 25). Harrier numbers on average increase
with declining water level (Fig. 55B). About 100 Marsh Harriers were
present in the central lakes in the early 1990s and this gradually in-
creased to 470 birds in 2007, with distinct year-to-year differences
(Fig. 55B). The overall increase is consistent with population trends
in Europe (Chapter 25).

Bird numbers in the central lakes may thus be used - after correc-

tion for water level - to determine long-term trends (Fig. 54C, lower
panel of Fig. 55). However, there are several complications.
First of all, the measured water level describes the flooding of the
hydrosystem by the river, but the inundation of water bodies iso-
lated from the river is a different matter. The higher the flood, the
more depressions remain water-filled during deflooding (Fig. 38).
Consequently, the number of birds arriving in the central lakes at
a water level of 200 cm also depends on the peak level of the flood
some months previously. Fewer alternative sites are available dur-
ing low floods, and eventually a higher proportion of birds will be
pushed into the central lakes. Examining this complication more
closely, flood levels did indeed have some impact on Stilt numbers
in the central lakes (a species that needs shorelines to feed), but no
such effect was found in Caspian Terns. For the latter species, small
isolated waterbodies presumably offer inadequate foraging oppor-
tunities.

Secondly, the counts in the central lakes produce many anoma-
lies when compared with Delta-wide censuses. This is particularly
evident in ducks and geese, which show erratic between-years fluc-
tuations, partly governed by flood level. Ducks normally concentrate
on the lakes along the NE and NW side of the Delta. Only when these
lakes remain dry during droughts are the birds forced to move to the
central lakes. Even so, their presence and numbers, and hence their
chance of being detected and counted, largely depend on human
disturbance, which is higher in the central lakes than elsewhere in
the Inner Niger Delta. The impact of human disturbance on cormo-
rants, herons and waders is supposedly smaller than on ducks and
geese. In this regard, the significant declines of Cattle Egret and
Long-tailed Cormorant in the central lakes stand out in comparison
with their breeding numbers in the Inner Niger Delta, which are
essentially stable. Does this imply that the central lakes, and their
food supply, have changed for the worse for these species, as also
suggested by the mass mortality of Long-tailed Cormorants in 2004-
2005?

Even when considering the many pitfalls of counting birds in
large and dynamic ecosystems, the central lakes show a clear di-
chotomy in trends between Palearctic and African species: many
more Palearctic species are stable or increasing than African spe-
cies, the latter often showing - steep - declines (Fig. 56). Whereas
the seasonal presence of European species in the Inner Niger Delta
is, for the most part, restricted to the northern winter, and conse-
quently depends on the flood height in any one year, African spe-
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cies face local conditions year-round. African species may evade
droughts by intra-African movements to regions less severely - or
not at all - affected, but there is no escape from the human-induced
habitat loss that is particularly serious in wetlands, and exacerbated
by the steep human population growth (Fig. 28). A recent survey of
trends in African waterbird species showed that 43% of all species
for which estimates were available were in decline (Dodman 2007).
The results from the central lakes are consistent with this overall
picture.

Density counts

So far, counts have focussed on large, conspicuous birds, often
concentrated in well-defined areas. Even considering the variety of
possible biases, we feel confident that our attempts at counting fall
within the realm of real figures. It is an entirely different story for se-
cretive, small or widely dispersed bird species. A single look across
the large floodplains west and east of the borders of the Diaka suf-
fices to appreciate the magnitude of the problem. Vast expanses of
seemingly identical grasslands stretch towards the horizon, only to
turn into an amalgamation of habitats as soon as the area is pen-
etrated on foot. The density of birds may seem insignificant at any
one place. But the sheer vastness of the Inner Niger Delta accounts
for stunning totals of many species, and this becomes obvious when
clouds of Yellow Wagtails or Sand Martins start heading for roosts
in the late afternoon. Yet these species may be encountered only oc-
casionally in small numbers, or even not at all, during the day. The
huge floodplains seem to spawn endless streams of birds around
dusk. Any attempt at counting absolute numbers is futile.

Instead, we adopted an alternative census method, i.e. accurate
bird counts in small plots of known size. As random sampling was
impossible logistically, we opted for the next best solution: strati-
fied sampling in the major habitats of the Inner Niger Delta. Habitat
diversity within the Inner Niger Delta is low, permitting a geographi-
cally non-random set of plots to represent the entire Delta. Habitats
were defined with the use of vegetation maps (based on satellite
images) and information obtained from the digital flooding model.
Large sections of the Inner Niger Delta could not be reached, or only
peripherally so, but habitat types in those parts were adequately
sampled elsewhere. Whenever possible, we chose >1 km long strip
transects perpendicular to the river (Niger, Bani, Diaka). Where
vegetation height, vegetation density and water depth prevented
such selection, we devised intersecting transects in subplots. Plot
lengths and widths were measured by a calibrated laser beam in
adapted binoculars, or calculated from Gps-readings (checked by
counting steps of known length in the field). This enabled an accu-
rate calculation of plot surfaces. We recorded habitat type, vegeta-
tion height, vegetation density and water depth for each plot on pre-
printed forms, and also date, local time, coordinates, census takers
and census type.



Plot sampling was based on the assumption that all birds in
the plots had to be recorded. To meet this criterion, several tech-
niques were used, often accompanied by shouting, hand-clapping
and throwing mud into the vegetation to assure that all birds were
flushed and recorded. This was achieved by using a suite of tech-
niques:

« Two or three people walked at separation distances of 20-50 m in
parallel along the transect. Separation distances depended on veg-
etation density and height.

+ One observer would criss-cross a plot while the other watched
from the side and recorded the birds.

+ After encircling a small plot, we would flush birds by means of
noise and mud-throwing.

+ Boating transects were necessary in water deeper than about

Fig. 61 Locations of 1617 sites within the Inner Niger Delta where bird
density counts in plots were carried out. The scene is based on a true
colour composite (Landsat, 16 October 2001, water level in Akka 429 cm),
showing an area of 183 x 342 km.

Table 7 Estimated number of birds in Lake Télé in March 2003 and March
2004, based on density counts in 92 plots averaging 4.5 ha in area.

Grey Heron 543
Purple Heron 1202
Squacco Heron 17646
Cattle Egret 3144
Great Egret 344
Intermediate Egret 361
Glossy Ibis 291
Purple Swamphen 3843
LesserJacana 5765
African Jacana 4115
Black-winged Stilt 875
Greater Painted Snipe 545
Collared Pratincole 7
Little Stint 516
Little Ringed Plover 142
Wood Sandpiper 35166
Ruff 10060
Crested Lark 202
Yellow Wagtail 71280
Sedge Warbler 2490

1.2 m, when we would apply distance sampling in bands of varying
width (20->100 m) for the various bird species. Obviously, a Great
Egret can be located further away than a Sedge Warbler.

While plot-sampling, a keen eye was kept on neighbouring fields
because the effect of flushing birds was never confined to the plot
being worked. In order to count birds reliably in the near-distance,
we had to keep track of birds which we had flushed previously, and
also to account for birds flushed prematurely from the next plots
in sequence. The Inner Niger Delta constitutes a flat environment
of wide vistas, simplifying the tracking of flushed birds. When a
particular area had been disturbed by counting teams, they would
traverse hundreds of metres in silence without counting to resume
plot-sampling where all birds were still present and none had set-
tled from disturbed plots. We may possibly have introduced an in-
advertent bias when we found large stationary flocks ahead, such as
resting herons or Collared Pratincoles. We normally steered clear of
such groups, which may have led to under-sampling.

For each plot, we made a subjective assessment as to whether
all birds present had been recorded or not. Density counts were
designated incomplete when plots could not be entered, the water
being more than waist-deep or the vegetation being impenetrable;
numbers from these plots were not used in the calculation of bird
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Table 8 Average density per km? of 46 species in the Inner Niger Delta within six habitat types. Mimosa = bourgoutiére with Mimosa pigra bushes;

bourgou= bourgoutiere, rice-c = cultivated rice, rice-w = wild rice, bare/grass = unvegetated (including water) or grass-covered, stagnant = Lakes Télé and

Horo. Reliability of the calculated average densities is low with a high standard error (SE >60% relative to mean; marked red) and high with a low SE (<30%

relative to SE; marked green). Counts in plots on dry ground were omitted (bird density very low). Anthus sp. refers to Plain-backed or Grassland Pipit.
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Long-tailed Cormorant 0 85 0 1 1 34
Grey Heron 0 24 4 49 0 8
Black-headed Heron 0 0 30 0 0 0
Purple Heron 19 49 3 4 1 30
Squacco Heron 30 148 6 2 2 255
Cattle Egret 0 105 306 169 14 78
Little Egret 93 30 4 5 36 35
Intermediate Egret 0 14 1 0 2 73
Great Egret 0 10 0 0 1 12
Little Bittern 0 1 0 0 0 0
Great Bittern 0 5 0 0 0 0
Glossy Ibis 0 24 0 0 0 37
Common Moorhen 6 0 6 0 0 0
Lesser Moorhen 56 1 0 0 0 0
Purple Swamphen 0 n 0 0 0 58
LesserJacana 0 13 1 5 0 104
African Jacana 0 52 13 13 0 15
Black-winged Stilt 0 68 51 0 197 152
Great Snipe 20 1 5 0 10 0
Common Snipe 0 6 3 3 0 7
Greater Painted Snipe 0 3 15 0 0 1
Collared Pratincole 0 86 319 39 150 6
Spur-winged Lapwing 0 28 38 19 100 3

densities per habitat. All density counts were performed between 1
November and 15 March 2001/2002, 2002/2003 and 2003/2004. Al-
together 1617 counts were made in plots averaging 2.99 ha in size,
nearly all situated in the southern half of the Inner Niger Delta and
around the central lakes (Fig. 61). Although plots were not randomly
distributed across the Delta, sampling covered a stratified cross-sec-
tion of major habitat types, water depths and vegetation types avail-
able in the Inner Niger Delta (van der Kamp et al. 2005a).

We also carried out density counts in two northern lakes, Télé (57
km?) and Horo (139 km?), in March 2003 and 2004. It was estimated
that 56 km? of Lake Horo was covered by floating vegetation, com-
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Kittlitz"s Plover 0 55 17 0 n7 0
Common Ringed Plover 0 36 1 0 315 1
Black-tailed Godwit 0 m 6 26 19 4
Little Stint 0 207 66 4 665 205
Curlew Sandpiper 0 7 0 0 385 5
Green Sandpiper 0 2 0 0 0 0
Wood Sandpiper 87 27 94 74 180 | 823
Spotted Redshank 0 1 6 0 6 0
Ruff 0 415 531 12 750 = 2215
Common Greenshank 0 4 6 0 15 0
Marsh Sandpiper 0 5 0 0 1 0
Crested Lark 94 97 138 45 35 6
Red-throated Pipit 0 1 0 0 0 0
Anthus sp. 0 2 2 3 0 0
Yellow Wagtail 649 661 241 186 294 1786
Bluethroat 245 16 14 2 0 0
Savi’s Warbler 0 1 0 0 0 0
Sedge Warbler 760 260 0 4 4 3437
Aquatic Warbler 0 1 0 0 0 0
Subalpine Warbler 40 0 0 0 0 0
Chiffchaff 424 0 0 0 0 0
Prinia sp. 238 3 0 2 0 0
Zitting Cisticola 0 29 76 72 3
Total 2818 3012 2006 684 3327 9461

prising a large species locally known as kouma (Polygonum senega-
lense) and a small one known as loubou (Ludwigia stolonifera). Only
Sedge Warblers were seen feeding on the emerging stems, reaching
extremely high densities here (as already noted by Jarry et al. 1986):
on average there were 103 birds per ha or an estimated total of
575 000 Sedge Warblers (95% confidence interval: 393 000 -756 000;
n =29) in this habitat alone.

During both visits the SW corner of Lake Télé was covered by
floating vegetation of two grass species, locally known as horia
and garsa (27.5 km?). Yellow Wagtails were the most common bird
species (25.6/ha), but other species were abundant as well: Wood



Sandpiper (12.4/ha), Squacco Heron (6.4/ha), Lesser Jacana (2.1/
ha), African Jacana (1.5/ha) and Purple Swamphen (1.4/ha). Sedge
Warblers did not reach as high a density as in Polygonum vegeta-
tion (0.9/ha). Apart from the 51 counts in floating grass fields (water
depth >20cm), we carried out another 26 counts along the water’s
edge where water depth was <20 cm, amounting to a strip of 25 km
long and 20 m wide (covering 0.5 km?). Taking all data together, we
arrived, via habitat-specific extrapolation, at an estimated total of
162 000 birds for Lake Télé (Table 7).

Bird numbers on the floodplains of the Inner Niger Delta were es-
timated in a similar way. Water depth and vegetation type were regis-
tered for each plot. Water depth is a major determinant of presence
and abundance of many species, ranging from dry ground species
such as Crested Lark to feeders on floating vegetation in deep wa-
ter, such as Squacco Heron. However, most bird species reach their
highest density in shallow water (Fig. 62). All density counts were
classified according to five flood level bands (based on measure-
ments at the gauge of Akka: 0-100 cm, 100-200 cm, ... 400-500 cm).
For each flood level we used the digital flooding model described
above to estimate the surface areas of dry ground, areas covered by
up to 20 cm of water, 20-40 cm of water, and so on. Unfortunate-

ly, the flooding model did not allow a distinction between “moist
ground” and “dry ground”, ecologically a highly relevant difference.
We tackled this problem by assuming that the width of the wet zone
along the water’s edge was 5 m, on average. The total surface area of
moist ground can then be calculated, since the total length of shore-
line can be derived from the digital flooding model. The higher the
flood level, the longer the shoreline, but shore length increases even
further during deflooding, reaching a maximum of 80 000 km due
to the presence of isolated lakes and pools. The many temporary
lakes at a water level of 200-300 cm at Akka explain why the relation
between length of shoreline and water level at Akka is not straight
but curved. The surface area of moist ground is calculated whilst ac-
counting for this relationship.

Vegetation is another major factor that determines bird density.
We distinguished 14 vegetation types, which in the final analysis
were reduced to six major habitat types. Bourgou, didere, poro and
water lily were collectively named ‘bourgoutiere’. Areas with short
vegetation or lacking it, i.e. open water (without bourgoutiere, rice
or water lily) and two types of grasslands were grouped. Thirdly, all
habitat types in the stagnant Lakes Télé and Horo were put in one
group. Most density counts were performed in bourgoutiere, wild
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20 40
©
<
L 15 — 30 N
g
12}
2 10 20
8
54 10
0 T T T T T 0 T T T T T T
10 wild rice 80 bare + other species
short grass Sedge Warbler
I Vellow Wagtail
8- I Crested Lark
60 Wood Sandpiper
= Black-tailed Godwit
= 67 I Ruff
Q 40 Little Stint
3 4 I Kittlitz's Plover
'_E Common Ringed Plover
20 I Collared Pratincole
2 Black-winged Stilt
I Cattle Egret
[ Squacco Heron
0 I T T T 0 s T T T T
) S QéQ Qoé\ Qo& Qoé\ Qo@ ) S Qo& Qo& Qoé\ Qo& Qo&
DA R L DAV RV -
+ L R D ¥y S

Fig. 62 Density of the 13 commonest bird species,and summed density of a further 49 species across the gradient from dry ground to

deep water in four main habitats: cultivated rice (n=168 plots), bourgoutiére (n=945), wild rice (n=160) and bare ground + short grass

(n=95). All data were collected on the floodplains of the Inner Niger Delta (see Figs. 48 and 61). Note the different scales.
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rice, cultivated rice and in areas with short or no vegetation. Bird
density was remarkably low in wild rice, high in bourgoutiere and
exceptionally high in stagnant water (i.e. emerging Polygonum veg-
etation) (Table 8). Waders reached a high density in plots with short
grass or no vegetation. A large part of this variation may be attrib-
uted to water level (Fig. 62).

In areas with no, or short, vegetation, birds reached a high density
in shallow water, while they were absent from areas covered by deep
water. In contrast, a variety of bird species fed in deeper water on the
floating stems of wild rice and even more often on floating bourgou
(explanation given in Box 8). Some species, like Yellow Wagtail, oc-
curred in all habitat types, whilst others, like Sedge Warbler, were
observed almost exclusively in bourgoutiere. Species composition
differed considerably between the four habitats, with more herons
in rice fields and bourgoutiere and mainly waders in shallow water
lacking floating vegetation. Cultivated rice fields no longer covered
by water, but not yet completely dried out, attracted many Ruff and
other rice-eating birds.

Bird density is determined by more than water depth and vegeta-
tion. For instance, the presence of cows attracted Cattle Egrets and
caused an increase in density from 0.9 birds per ha (cattle absent) to
4.8 birds per ha (cattle present). A similar difference was found in
the density of Yellow Wagtails (2.9 vs. 12.1 birds/ha). Other variables
may explain variations in bird density, but these were not quanti-
fied. Densities relative to water depth and vegetation type were used
to extrapolate density counts into total numbers present on the
floodplains. The vegetation map of Zwarts et al. (2005b) was used
to determine the surface area of the main vegetation types. Since
Mimosa pigra is mixed with wild rice or bourgoutiere, it could not be
distinguished as a separate habitat type.

The vegetation map refers to the lower inundation zone (<360 cm
at Akka), an area of 5855 km? which can be divided into:

+ 1040 km? of cultivated rice (17.8%),

+ 1433 km? of wild rice and wild rice with water lily (24.5%),

1543 km? of bourgoutiere (bourgou, didere, sometimes mixed with
water lily) (26.4%),

+ 1105 km? of bare ground when flooded, but changing into grass-
land after exposure (18.9%),

+ 735 km? of water without vegetation at a water level of 86 cm
(12.6%).

Combining the digital elevation model and the vegetation map al-
lowed us to calculate the area per category of water depth separately
for each vegetation type. This calculation was performed for each of
five flood levels: <100, 100-200, 200-300, 300-400 and 400-500 cm.
The outcome is an estimate of the total number of birds present in
the lower 5855 km? of the floodplain of the Inner Niger Delta. Since
we did not perform any density counts on the lakes, we assumed that
bird density here was zero, which would undoubtedly be correct for
most species. It is not true, however, for five tern species, Eurasian
Marsh Harrier and some other bird species feeding above the lakes.
This is not relevant, since these species were not included in density
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Box 8

Herons on floating
vegetation

Fish-eating herons capture prey by surprise from a standing posi-
tion, by stalking or by chasing. For each species, tarsus length de-
termines the water depth they can exploit. Because tarsus length
differs between species, we would expect some habitat segrega-
tion between the six heron species inhabiting the Inner Niger
Delta. Great Egrets should be able to forage in the widest depth
range, from shallows up to 35 cm, Grey Herons up to 27 cm, Purple
Herons up to 22 cm, Little Egrets up to 19 cm and Squacco Herons

31 A open water

I Squacco Heron

2+ Purple Heron
Il Intermediate Egret
1 Great Egret
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I Little Egret
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6- C bourgoutiere
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water depth 4 m
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Fig. 63 Feeding density per ha of five heron and egret species as
a function of water depth in (A) open water, (B) wild or cultivated
rice and (C) bourgoutiere (bourgou or didéré). All density counts
were performed on the floodplains of the Inner Niger Delta, be-
tween 15 November and 1 March. Panel (D) visualises the chang-
ing position of bourgou stems with declining water level.



Purple Herons feeding in bourgou with about T m of water.

up to 11.cm. Density counts performed in open water (Fig. 63) show
that herons feed in shallow water, usually less than 40 cm deep,
but exploit deeper water if floating vegetation permits walking.
The density is less on floating rice than on floating bourgoutiére
(Fig. 63). Great and Little Egrets do not, or rarely, stand on bourgou
and rice stems.

Why is heron density higher on bourgoutiére than on floating
rice? The answer lies in the physical properties of these plant spe-
cies. Bourgou grows in deep water and forms stems on average
4 m long. When the flood level declines, the thick bourgou stems
gradually flex into a more horizontal plane. When the water re-
cedes from 4 to 2 metres, the buoyancy of the loosely packed
stems is apparently insufficient to support a heron. When the
flood covers the bourgou fields with less than 1 metre of water, the
stem mass is sufficiently dense and entangled to cope with the
weight of a heron, thus offering the opportunity of exploiting this
otherwise inaccessible zone (see inset). Floating rice is less attrac-
tive for herons than bourgou, since wild and cultivated rice grow
in shallower water and form thinner stems which are only about
2.5 m long. The buoyancy of floating stems of rice is probably not
great enough to support a heron. On top of that, floating rice often
forms a dense mat that covers large stretches of water; locating
swimming prey visually is therefore impossible. The open tangle
of rather thick bourgou stems allows herons to locate fish more
easily.

Unfortunately, we have no data on fish density beneath float-
ing vegetation. Thus, we cannot exclude the possibility that float-
ing rice harbours fewer fish than floating bourgou. We may as-
sume that, as found in several studies (e.g. Wanink 1999, Wanink
et al. 1999), fish density decreases in shallow water and only very
small fish venture into the shallowest water.This may explain why
heron density decreases when the water column drops below 40
cm. An exception is the Little Egret. In contrast to the other five

heron species, Little Egrets usually feed communally to facilitate
the capture of fish swimming in shoals.

If it is true that the buoyancy of loosely-packed floating stems
explains why herons avoid bourgou in deep water, we would ex-
pect heron species to be zonally differentiated, depending on body
mass rather than tarsus length. Our classification of birds feeding
in various water depths is rather crude, but even so it is evident
that Squacco Herons (less than 300 g) reach their maximum den-
sity in bourgou floating on a water column of 80-160 cm depth.
Purple Herons (800-1000 g) are most common in bourgou with
40-80 cm of water, while Grey Herons (1400 g) are commonest in
shallower water (20-40 cm). However, body mass is not the only
determinant of where and when herons can feed. Compared with
egrets and Grey Herons, both Squacco and Purple Herons adroit-
ly walk across floating stems. In this regard, it is telling that the
toe of a Squacco Heron (67 mm) is 18% longer than its tarsus and
that of a Purple Heron 8% longer; in the four other species the toe
is about 30% shorter than the tarsus (Cramp & Simmons 1977).
Longer toes permit a better grip on buyoant vegetation and allow
the bird’s weight to be spread across a wider area and a greater
number of stems.

By feeding on floating vegetation, herons may enlarge their po-
tential foraging range considerably. Take, for example, the short-
legged Squacco Heron. In the absence of floating vegetation, feed-
ing is confined to shallow water less than about 10 cm deep. Dur-
ing high floods (>15.000 km? of the Inner Niger Delta flooded) the
shallow zone with less than 10 cm of water covers about 1000 km?.
This surface area gradually decreases to 100 — 150 km? with floods
as small as 3000 kmz2. The surface area of the bourgoutiére zone
at water depths of 40-160 cm varies from 700 km? during a high
flood to 300 km? during a low flood. By exploiting floating stems
of bourgou or didere, Squacco Herons effectively double the size of
their potential feeding area.
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Table 9 Maximum number of waterbirds in November — February in the central lake area (460 km?; Fig. 53), and average numbers on the lower

floodplains of the entire Inner Niger Delta (5855 km?; Fig. 39). All numbers refer to floodplains covered by water at a flood level of 350 cm. Numbers
were calculated from density counts at four flood levels (0-100,100-200, 200-300, 300-400 cm at Akka), then averaged for “all floodplains”. The stand-
ard error SE shows the variation in numbers depending on flood level. For the central lakes the highest number in any of these four categories is

given, usually coinciding with the lowest flood level.

Species Central lakes All floodplains
max n

Grey Heron 3195 23915 8131
Purple Heron 779 50417 19273
Squacco Heron 41218 183390 56496
Cattle Egret 19118 314560 40276
Little Egret 761 37389 10039
Intermediate Egret 2461 13009 4958
Great Egret 1611 8879 3088
Great Bittern 793 3852 1046
Purple Swamphen 1692 10844 4792
LesserJacana 2216 22310 11566
African Jacana 16320 112664 55496
Great Snipe 109 2061 589

counts anyway, but were counted in absolute numbers.

Our estimate of bird numbers is confined to the floodplains be-
low 360 cm. Maximal floodplain size varied between 10 000 and
20 000 km? annually. The number of birds, and of which species,
that occurs on the higher floodplains depends on flood level. At a
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Fig. 64 Relationship between average density per ha and the proportion
of sampled plots in which 78 bird species were present during 2999
density counts in the Inner Niger Delta and Senegal Delta.
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Species Central lakes All floodplains
max n

Greater Painted Snipe 396 3667 2289
Spur-winged Lapwing 7222 72503 3736
Little Stint 46243 164576 66468
Green Sandpiper 243 558 122
Wood Sandpiper 38198 199448 52394
Ruff 77021 276834 70188
Marsh Sandpiper 891 2651 1138
Crested Lark 19593 193619 28879
Yellow Wagtail 100999 960785 53807
Bluethroat 2772 7030 2038
Sedge Warbler 41027 248879 77393

flood level below about 360 cm, all birds feeding on humid ground
and in water are concentrated in the lower 5855 km? covered by our
density plots. Cattle Egret, Kittlitz’s Plover, Yellow Wagtail, Crested
Lark and other bird species which also feed on dry ground (Fig. 62)
may be found on the upper floodplains as well. If the water level
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Fig.65 Maximum number counted in the central lakes (Table 4)

compared with the maximum number derived from density counts
(Table 6). Species are indicated separately.



Hooklines are used to catch birds (three Collared Pratincoles). Low-flying

birds are particularly vulnerable at night, when the touch of a single
flight feather suffices to get caught by the razor-sharp hooks. Where
hooklines are strategically positioned near water edges, many birds are
captured during a single night and their distress calls can be heard over
long distances.

exceeds 360 cm, part of the species community feeding in shallow
water will move to the higher floodplains. As a consequence, our es-
timated totals for the lower floodplains (5855 km?) are too low for
flood levels surpassing 400-500 cm. To demonstrate the effect of
flood level on bird numbers, we estimated numbers for four flood
levels: <100, 100-200, 200-300 and 300-400 cm. The standard errors
given in Table 9 refer to these four estimates.

For density counts to be used in extrapolations, bird species
should be present in a fairly large proportion of the plots (Fig. 64).
The Yellow Wagtail was the commonest bird species in terms of
presence (39.6%), as well as average density (4.7/ha). Crested Lark
and Wood Sandpiper were both present in about 16% of the plots,
but the average density of Crested Larks (0.5/ha) was lower than that
for Wood Sandpipers (1.7/ha). Sedge Warblers had a higher density
(2.0/ha) than Wood Sandpipers, but were present in only 5.5% of
the plots. The variation in frequency of presence is partly habitat-
related, some species being more selective than others. Also, spe-
cies feeding in flocks may have an extremely patchy occurrence. The
White-faced Whistling Duck, belonging to the 15 most common
bird species, is a case in point: it was found in only 3 of the 2999
density plots in the Inner Niger Delta and similar habitats in the
Senegal delta. Density counts are clearly unreliable for birds feed-
ing in flocks. This limits our analyses (see below) to 22 out of the 78
registered species.

For several species, the estimated total derived from density plots
may be compared with numbers obtained via counting methods
mentioned previously. Our extrapolation of 960 000 Yellow Wagtails
is hardly surprising, given counts of many hundreds of thousands at
roosts. But how do we validate an estimate of 183 000 Squacco Her-

ons, for instance? As it happens, the bird counts in the central lakes
offer precisely that possibility. We have 62 reliable and complete
counts of this well-defined region, offering an independent check
of bird numbers in the same region as derived from density counts
(Fig. 65). In general estimated totals corresponded quite well with
counted numbers for species living in the open, but less so for spe-
cies which were not so visible.

Via extrapolation, the density counts produced tentative totals
for the entire Inner Niger Delta (Table 9), including standard er-
rors. Thus, the estimate of 314 000 Cattle Egrets must be read as
274 000-355 000 (close to the total actually counted, i.e. 335 000 on
the roosts). As expected, the SE is smaller in well-distributed com-
mon species than in scarcer, patchily distributed ones. To improve
standard errors - in other words, to improve the reliability of the
calculated totals - would have required an inordinately larger plot-
sampling effort and a fully randomized set-up of plots. This was im-
possible in the available time and with the available manpower.

Direct counts showed that Little Stint and Ruff are the common-
estwader species in the central lakes (Table 5), but plot sampling re-
vealed that the less conspicuous Wood Sandpiper (150 000-250 000)
is as common as the Little Stint (100 000-230 000). Density counts
also show that the Ruff is the commonest wader on the floodplains
of the Inner Niger Delta (200 000-350 000), a much higher figure
than obtained from aerial surveys (100 000-200 000; Table 4). Ruff
are easily missed during aerial counts; they are widely distributed
across the floodplains, and inconspicuous in flight. On the other
hand, our extrapolation for Ruff may be too high. Ruff do not sim-
ply select shallow water with humid zones to feed, but instead con-
centrate where small Corbicula-bivalves are common (Box 7). Since
Corbicula is especially common on floodplains with some current,
Ruff may reach higher densities on floodplains along the river than
on the borders of isolated, temporary lakes. This is difficult to test
with our data set, but if true, our estimate would be too high, since

Hippos near Dire, the only large wild mammal in the Inner Niger Delta

having survived the competition with man for space (January 2009).
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Most flooded forests with Acacia kirkii disappeared from the Inner Niger Delta in the 1970s and 1980s. The remaining forests are of prime importance

for colonial breeding birds, notably Long-tailed Cormorant, Darter, herons and storks, African Spoonbills and Sacred Ibis. Yellow-billed Kites profit

from such colonies (discarded prey, dead nestlings) and may reach high densities. Akkagoun, February 2005.

comparatively more plots were sampled along the rivers and near
the central lakes. The same reasoning applies to fish-eating birds,
although we have no indication that the density of fish-eating birds
differs between floodplains connected to the river and those that
are not. This all remains speculative. The totals in Table 6 are the
best possible estimate.

Threats and protection

The Inner Niger Delta is a huge floodplain which attracts millions
of waterbirds, not only from Europe but also, as will be shown in
the following chapters, from Asia as far as eastern Siberia. From a
hydrological point of view, the floodplain system may be consid-
ered relatively unspoiled. Nevertheless, the flooding of the Inner
Niger Delta has been gradually reduced during the second half of
the 20™ century (Fig. 41), partly due to irrigation near the Markala
dam and water withheld in the Selingue reservoir. A further decline
in flooding is to be expected following the construction of the Talo
dam in the Upper Bani, possible dams near Djenne, in the Upper
Niger (Fomi) and downstream of the Inner Niger Delta (Taoussa),
and an extension of the irrigation area of Office du Niger. Together
these schemes seriously reduce flooding and harm the ecological
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significance of the floodplains. Flood level has a direct bearing on
the survival of migratory birds spending the northern winter in the
floodplains, being poor in years with low floods and vice versa. Pur-
ple Heron and Caspian Tern are points in case (see Chapters 16 and
31), but many more species are affected by flood level in the Inner
Niger Delta. Further permanent reductions of the floodplains will
lead to irreversible losses in populations of Palearctic and African
bird species which depend on floodplains for part of their life cycle.
The series of counts in 1992-2007 shows that the numbers of the mi-
gratory bird species (except Pintail) have so far remained stable, but
that many African bird species are in decline (Table 4 & 6; Fig. 52 &
56).

Not only flooding is pivotal to the ecological significance of the
Inner Niger Delta, but also human exploitation. Over the decades,
the Inner Delta has been converted into a semi-natural habitat by
the local inhabitants. For instance, the tenfold extension of the area
of cultivated rice between 1920 and 2000 (Zwarts & Kone 2005b)
caused a decline in the area of wild rice. Birds may have profited
from this shift, however, especially waterbirds; judged by densities
found in both habitats, cultivated rice is preferred over wild rice
(Fig. 62). Rice farmers were also responsible for the removal of flood
forests, heralding the loss of breeding sites for herons, egrets, ibises
and storks. Colonial waterbirds are nowadays concentrated in the



few remaining flood forests (Fig. 49), which makes them vulnerable
to human predation and excludes their use of potential feeding ar-
eas too far from the colony. The decline in the surface area of flood
forests, and of forests on levees and around the floodplains, must
also have contributed to the decline of passerines concentrated
here during the northern winter; see Box 3 and Chapter 37 (Com-
mon Redstart). The area is grazed by an increasing number of cows,
sheep and goats, 6 million altogether in 2000 (Chapter 5). Grazing
on this scale converts the floodplains into grassy pastures of a uni-
form low vegetation that is removed before seeding can commence;
see Chapter 32 (Turtle Dove). The resulting lack of cover and food
shortage are likely to have an impact on birds in the Inner Niger
Delta, although this is not yet quantified.

Fishing in the Inner Niger Delta poses another problem, albeit
multifaceted. Birds may have profited from overexploitation, which
led to a reduction of average fish size during the past 30 years and
hence to more fish becoming available in the size classes preferred
by birds. However, many birds are accidentally killed by nets and
hooklines. Hooklines are used to catch birds intentionally for food,
as are disused fish nets on a grand scale. Most birds are captured,
deliberately or otherwise, when water levels are low, i.e. when birds
and fishermen concentrate in the last remaining water-filled ves-
tiges (Kone et al. 2002). During a low flood this situation is reached
by January, exposing the birds to heavy exploitation for another
2-3 months before return migration commences to their northern
breeding grounds. This period of vulnerability is much shorter dur-
ing normal floods. The threat is small, sometimes almost non-ex-
istent, in years of maximum floods, as happened before the 1970s,
when the birds remained widely dispersed across the entire Inner
Niger Delta until they departed for the breeding grounds. This must
be, in combination with food availability, the overriding explana-
tion for the link between annual mortality and flood level; for fur-
ther explanation, see Chapters 23 (Garganey) and 29 (Ruff).

The relationship between annual bird mortality and flood level
may have changed since the 1990s, especially in the light of the
intensification of fishing activities. Bird exploitation is also likely
to have increased. Where birds formerly were captured mainly for

local consumption, nowadays trade is booming, facilitated by im-
proved roads (expanding the area over which trapped fish and birds
are transported, even as far as Bamako) and increased usage of ice
to freeze and preserve food. Middlemen have professionalised the
trade infrastructure. The first step in this process was already taken
in the 1960s when inexpensive nylon nets enabled the large-scale
capture of birds such as Garganey and Ruff.

It is still possible to counteract the anticipated decline of birds in
the Inner Niger Delta. The management of irrigation schemes and
water reservoirs in the Upper Niger could be adjusted to reduce eco-
logical and socio-economical damage downstream. Much would
be gained if vulnerable sites were protected effectively, as has been
achieved in the Senegal Delta (Chapter 7). The Inner Niger Delta is
not entirely without protection, though. The two largest flood for-
ests, Akkagoun and Dentaka, are managed through local manage-
ment committees, but the agreements between the surrounding
villages are often violated by people from outside, who frequently
visit the huge bird colonies to collect eggs or nestlings (Beintema et
al. 2007). This kind of disturbance and exploitation has a large nega-
tive impact on colonial waterbirds (Box 12). For the same reason, it
is likely that the imminent, and perhaps actual, extirpation of the
Black Crowned Crane in the Inner Niger Delta could have been pre-
vented if law-enforced protected zones had been designated for the
species to breed safely.

Whereas local breeding birds can profit from the creation of safe
havens, it is less likely that migratory bird species will profit like-
wise. Migrants are distributed across the entire Inner Niger Delta
and their distribution changes continuously in relation to flood
level. It is crucial that they have access to food without running the
risk of being shot, captured or disturbed. The 1-2 months prior to
the return to Eurasia are critical, when fattening-up coincides with
declining food supplies in the wake of the receding flood. With cli-
mate change ahead (less rain expected in the longer run), the great-
est threats to migrants are a further reduction of flood level due to
events outside the Inner Niger Delta, and an increase of bird exploi-
tation in the area itself.

Fishermen as well as waterbirds get concentrated during receding water in the last remaining water bodies; Lake Debo, February 1994.

Inner Niger Delta 103



For time immemorial, the Senegal River has been a lifeline for local communities, offering a rich source of fish,

fertile soils for flood recession agriculture and grazing grounds for nomadic pastoralists. Early on in the European
colonial history of the region, the French had shown particular interest in developing the river valley, but it was
not until the 1960s that the necessary infrastructure for irrigation was put into place; from then on, cultivation
of the delta was rapid. The dam construction programme in the 1980s was a pivotal change in the history of the
delta, affecting livelihoods and lifestyles profoundly, in a way that generally was detrimental to nature. Large
scale development of the delta went ahead regardless, placing intense pressure on traditional flood recession
agriculture, grazing systems and local fisheries, with resultant socio-economic impacts on local communities.
It is less than surprising that the extent of irrigation and artificial flooding achieved fell short of that projected.
At the time of writing, the transition of the once-estuarine delta into an irrigated area for the cultivation of
rice and other crops is in full swing. Unfortunately this process has had the serious concomitant complications
characteristic of the development stages of large-scale irrigation schemes in the tropics: salinisation, unsanitary
conditions for many local communities and the ubiquitous presence of invasive plant species that outcompete
local flora. Nevertheless, the delta remains of socio-economic importance to the peoples of Senegal and Maurita-

nia, its rice output comprising a substantial part of the region’s annual rice production. The taming of the Senegal
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River,and the transformation of its delta, resulted in the partial loss of a major stronghold for migratory and resident

waterbirds in the Sahel; other biological assets were also affected adversely. In the early 1960s, French ornithologists

recognised the sword of Damocles hanging over the delta and pleaded for the creation of reserves (de Naurois 1965a).

Yet another call for mitigation measures was made prior to the dam construction schemes (GFCC 1980). Thanks to

such efforts, and the actual designation of protected areas, the delta has retained a high biodiversity and accommo-

dates important numbers of waterbirds.

Introduction

The Senegal River rises in the Fouta-Djallon mountains in Guinea
and flows in a northwesterly direction through Mali where several
tributaries join the main stream. In its central section, the valley
floor is some 25-35 km across. About 150 km before entering the At-
lantic Ocean, the Senegal crosses a flat alluvial plain where the river
created a huge estuarine delta, roughly between Richard Toll and
Saint-Louis. Unlike other Sahelian floodplains, the Senegal Delta
has an open access to the ocean. In the past, salt water would pene-
trate the delta during the dry season, resulting in a variety of habi-
tats and high biodiversity, but the construction of dikes and dams
has undermined this dynamic system; at present, only the estuarine
part around Saint Louis is still in contact with the Atlantic Ocean.
The historical development of the Senegal River, including the low-
er delta, has been described at length (e.g. Bernard 1992, Crousse et
al. 1991, Engelhard & Abdallah 1986). Each of these studies identi-
fied the construction of dams in the 1980s as the pivotal event in re-
cent history. To understand the distribution and abundance of birds
it is necessary to understand the major hydrological developments
(Triplet & Yésou (2000) and Hamerlynck & Duvail (2003)). We pro-
vide a brief overview.

The delta before the construction of dikes and dams The Senegal dis-
charges in a dynamic area where ocean currents, seasonal swells, and
littoral drifts created sand barriers along the coast. The resulting strip
of dunes was constantly being breached by the river, whose main em-
bouchure has moved southward in recent geological history (Barus-
seau et al. 1995, 1998). The Chat Tboul lagoon in the north is an exam-
ple of a former river mouth; other former connections to the ocean
can be found further south. The river mouth was close to Saint-Louis
early in the 19th century, but its position changed continuously. The
shifting embouchure, varying channels and a shallow bar at the river
mouth hampered navigation in the 19" century and the development
of commerce upstream (Bernard 1992).

Behind the narrow ridge of dunes a vast natural estuarine flood-
plain developed over an area of about 3400 km? In the 19" century
the French colonial administration developed plans for its cultiva-
tion, but significant hydrological engineering remained in abeyance
until the mid-20™ century. Highly dynamic conditions were charac-
teristic of the natural estuarine floodplain - a freshwater flood oc-
curred from August to October and sea water intruded as the flood
receded, and so the local wetlands had long adapted to these fluc-
tuations - within and between years - along with the variable salin-
ity. The pristine floodplain was extremely rich in birds and fish (de
Naurois 1965a, Voisin 1983). Ethnic groups exploited these natural

Rainfall in June-August rapidly transforms the dusty, brown Sahelian landscape into a brilliantly green scene. Almost as suddenly, this green blanket

withers after the rains have passed, but not before birds have profited from the blooming and — later on - fructification of plants and trees.
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resources but the lower delta remained only sparsely populated.
Heavy flooding and the silty, often saline, soils prevented the devel-
opment of flood recession agriculture, in contrast to the long-estab-
lished recession agriculture employed by the peoples further inland
along the river’s mid-course.

The flood would begin rising in July, fresh water arriving in the
delta from August onwards. The rising water would start to fill Lakes
R’kiz (Mauritania) and Guiers (Senegal), both connected to the river
by small streams and depressions. Both lakes, having a combined
surface area of ¢. 285 km? (Bernard 1992), were important regulators
of the floods. Downstream of Richard Toll, the flood entered the del-
ta via a labyrinth of streams and channels bordered by levees, filling
low-lying basins (cuvettes) in between (Fig. 66). During high floods
fresh water covered the entire delta up to and including the Ndiaél
basin in the south and reaching the Aftout el Saheli in the north. The
salt water tongue in the Senegal moved upstream as soon the river
flow decreased, mostly from November onwards, travelling as far as
200 km inland during the dry season (Fournier & Smith 1981).

Controlling the flood The first plans for water management aimed at
improving the navigation of the river and developing cotton cultiva-
tion to support the French textile industry. In 1824 the first irrigation
scheme was attempted near Richard Toll, but the hostile attitude of
the local population, amongst other things, led to its abandonment.
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Fig. 66 The Lower Senegal Delta, showing Lake R’kiz in the north, Lake
Guiers in the south and the main watercourses. The map indicates the
maximum inundation at high floods in the past. From:1:200 000 I1GN-
maps (based on aerial photographs of 1954 and ground surveys in 1957).
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The Manantali dam supports one of the largest hydro-power plants

in the region, generating electricity for Mali, Mauritania and Senegal.
Water retention to fill Manantali’s reservoir significantly reduces the
river discharge of the Senegal.

Then, in 1906, a small area near Richard Toll was irrigated to test the
cultivation of cotton. Similar initiatives were undertaken along the
river’s mid-course. In July 1916, the Taoueye was dammed by a sluice
whereby Lake Guiers lost its direct connection to the Senegal River.
Although the lake might still be filled by the flood, the water could no
longer escape at lower flood levels, thus preventing saltwater intru-
sion. An improvement of this sluice planned in the 1920s faced op-
position of local inhabitants who asserted that the stagnant water in
the lake had led to the invasion of ‘roseaux’ (Bernard 1992), probably
meaning stands of Reed Phragmites australis and Cattail Typha aus-
tralis. ' This early protest was a harbinger of one of the present major
ecological bottlenecks in the delta. Lake Guiers became - and re-
mains - the main potable water source for Dakar.

In 1937, la Mission d’Aménagement du fleuve Sénégal (MAS) was cre-
ated, following several exploratory assessments by French engi-
neers. It was estimated that 85 000 ha would be suitable for irriga-
tion (Bernard 1992), but it was not until after the Second World War
that the firstimplementation could be realised. Near Richard Toll, a
rice growing complex of 6000 ha was developed; others were devel-
oped along the river’s mid-course. After Senegal became independ-
ent in 1960, the 0AD (I’Organisation Autonome du Delta) superseded
the Mas, constructing an 84-km dike along the Senegalese side of
the river, completing it in 1963-1965. Hamerlynck & Duvail (2003)
considered that this embankment had led to higher floods on the
Mauritanian side of the river. In 1965 the Société Nationale
d’Aménagement et d’Exploitation des terres du Delta du fleuve Sénégal
(saED) was founded, its aim being to irrigate another 30 000 ha of
rice cultivation within a decade, but by the mid-1970s only about a
third of this target had been realised (Crousse et al. 1991). From
then onwards, cultivation was undertaken in large separate perim-
eters of about 1000 ha or more, each with its own pumping station



and canal network to distribute water and control drainage. Along
the river’s mid-course, much smaller perimeters (of about 20 ha)
were created for management by the villagers themselves.

In 1972, the newly-created Organisation pour la Mise en Valeur du
fleuve Sénégal (omvs) developed plans to irrigate 375 000 ha, 2 of
which 240 000 ha was to be realised in Senegal, 126 000 ha in Mauri-
tania and 9000 ha in Mali (Crousse et al. 1991). To achieve this goal,
two dams were planned to control the river discharge, one in the
lower delta near Diama and another in the upper basin near Manan-
tali (Fig. 14). The Diama dam was intended to prevent salt intrusion
and to provide a reservoir for gravity-fed irrigation. A high water lev-
el in the reservoir would also facilitate navigation between Saint-

Louis and Kayes in Mali and ensure the inflow of fresh water for
Lake Guiers. The Diama dam became operational in July 1986. The
Manantali dam, upstream in the Bafing tributary and completed in
1987, was designed to generate hydro-power and to supply the Dia-
ma reservoir with water during the dry season. However, it took an-
other five years to finalise the Diama reservoir scheme; dikes had to
be constructed on the Mauritanian side of the Senegal River and
raised on the Senegalese side. During this time, further rice perim-
eters were developed on each side of the river (Fig. 67). In addition to
these engineering works in the delta, Lake R’kiz was dammed in the
1980s to control the water inflow for agronomic purposes, and a
small dam was built in 1986 at Foum-Gleita in Mauritania in the

<1960 ¢.1980
M Keur Keur
acen.e Macene 1963-64
Rosso L] Rosso
|
) 1916
1947758 1.Richard Toll ° Richard Toll
.
Saint i
Couis Solls
¢.1990 2000-2005
loss due to dams
Keur
MaKceewe Macene
1990-92 )
. ! S . Rosio cos ® . Rosio
° ° 40 km
° (J i
© Richard Toll L S Richard Toll
° ° ° B populated area
Diama ¢ ° ® dam/weir
1986 Diama e ® minor dam/weir
° e dike
. —— route
o ®
. °
) Saint
Egm; n Louis ® cultivated area
N Il river, permanent water body
maximum flooded area
artificial flooding / water inlet
disconnected from floodplain
I reservoir / lake
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During a very high flood in October 2003, the dune ridge south of

Saint-Louis was breached artificially to make a shortcut to the ocean
and to avoid large-scale inundations of the city. The new outlet rapidly
broadened from a width of about 50 m in October 2003 to about 1400
m in 2006.

Gorgol Noir valley, a small tributary of the Senegal River. Depending
on rainfall, this small reservoir holds between 0.2 and 0.6 km? of wa-
ter to serve the irrigation of 1950 ha of rice paddies.

Flooding ceased to occur on a large part of the Mauritanian flood-
plain of the Senegal River after the dams and the Diama reservoir
had been completed, leading to desertification and hyper-saline
conditions in and around the remaining water bodies (Hamerlynck
& Duvail 2003). In view of the expected negative environmental im-
pact of the dams, GFcc (1980) recommended the creation of an arti-

ficial estuary in the delta; by 1994, embankment of the Bell and Di-
awling basins had restored the flood, albeit artificially, via water in-
flow from the Diama reservoir (Hamerlynck et al. 2002, Hamerlynck
& Duvail 2003). The current hydrological management of the basins
includes the simulation of a dry period and the inflow of salt water
in the dry season at Bell. The rehabilitation measures were success-
ful (Hamerlynck & Duvail 2003), not only restoring biodiversity (see
last Section of this Chapter), but also allowing utilisation of natural
resources by local communities.

In summary, the taming of the floods caused the Senegal Delta to
lose much of its character as an estuarine floodplain, bringing far-
reaching environmental, ecological and socio-economic conse-
quences (e.g. Salem-Murdock et al. 1994, Verhoeff 1996, Bousso
1997, Adams 1999, Jobin 1999, DeGeorges & Reilly 2006). Further-
more, at the river mouth the dams affected the geomorphological
processes, such as the Diama dam causing the river mouth to silt up
(Barusseau et al. 1998), a circumstance that probably is a key factor
in the recent (1999 and 2003) excessive flooding of the lower part of
the delta, when large parts of Saint-Louis were inundated (Kane
2002). To restrict damage during the 2003 flood, an artificial breach
was made in the dune ridge of Langue de Barbarie, forming a short-
cut to the ocean about 5 km south of Saint-Louis and 20 km north of
the natural embouchure. The new outlet rapidly broadened from
about 50 m wide in October 2003 to about 1400 m in 2006. The sud-
den increase of marine influences changed the tidal amplitude,
sedimentation and salinity in the delta downstream of Diama (Miet-
ton et al. 2007); a large part of the lagoons south of Saint-Louis be-
came exposed and dried out in December-February (P. Triplet in
litt). The ecological consequences of this artificial shortcut on the
environment of the Nthiallack and Gandiol basins (mangroves, fish)

Several stages of rice production in the Senegal Delta., from left to right (1) Seedbeds are used to nurse rice plants before planting the fresh shoots in

paddies (July 2006); this tactic reduces the loss of seed to birds and rodents, (2) Rice paddies with full-grown rice (November 2004) and (3) just after

harvest (December 2005); Palearctic waders such as Black-tailed Godwits and Ruff are most common in rice fields immediately after the harvest

when some water is still present and spilled rice has not yet been depleted by the multitude of seed-eaters, (4) After thrashing, the rice is trans-

ported to the villages.
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may well be profound, but have yet to be ascertained (Mietton et al.
2007, but see Triplet & Schricke 2008). Mangroves covered parts of
the tidal zone and fiddler crabs Uca tangerii were abundant in De-
cember 2008 (pers.obs. E.Wymenga).

Cultivation of the delta The left bank of the Senegal Delta was em-
banked in the early 1960s but it took about four decades to cultivate
the delta (Fig. 67), starting with the left bank under direction of the
SAED. On the right bank, in Mauritania, cultivation got under way
after completion of the Diama reservoir in the early 1990s, although
in the 1970s some pilot schemes had already been carried out by So-
ciete Nationale de Développement Rural (SONADER). By 1993, the area
under cultivation on the Mauritanian side was estimated at 13 600
ha, but the system degraded rapidly due to the drainage system mal-
functioning and lack of maintenance (Peeters 2003).

From the start of the cultivation of the Senegal Delta, irrigated rice
fields dominated, though large areas near Richard Toll were convert-
ed to sugar cane plantations in the early 1970s. Until the 1990s, the
maximum area of rice on the left bank amounted to some 10 000 ha,
but it covered c. 15 000 ha in 2005, with substantial annual fluctua-
tions (Fig 68). This area comprises only a part of the potential rice
paddies in the delta and the river valley — problems of salinisation
and insufficient labour are proximate causes. For example, in the
1995-1996 season, the potential area in both these areas for rice cul-
tivation covered 69 769 ha, whereas only 29 822 ha (42%) comprised
irrigated crops (SAED 1997 in Peeters 2003). Developmental bottle-
necks during the early cultivation of the delta were low productivity,
salinisation, an inadequate drainage system and inefficient financ-
ing (Crousse et al. 1991, Engelhard & Abdallah 1986). Pivotal to culti-
vation success in the delta is regular flushing of the rice fields to
counter the shallow and hypersaline groundwater that otherwise
quickly leads to high soil salinity, which when it occurs means that
rice fields have to be abandoned after a few years (Raes et al. 1995).
In the most recent period (2000-2005), much of the delta in Maurita-
nia was under cultivation, even though large parts have not been
used for rice growing for a number of years. Abandoned areas are

located mostly in the western part of the delta (Peeters 2003, see Fig.
76), where salinisation is more predominant than elsewhere. In the
2001-2005 period, the (once) cultivated area in the Senegal Delta
covered c. 102 000 ha, of which approximately 35% was used annu-
ally to grow rice, an estimate based on satellite maps. This may how-
ever be substantially higher in some years, given the large annual
fluctuations (Fig. 68) and shifts in the cultivated area.

In the 1990-2000 period, rice production in the Senegalese part of
the delta and along the river’s mid-course amounted to 14 000 tons
annually (Data: SAED). The yield fluctuated between 4 and 5 tons/ha.
On the left bank, about 5000 ha is used annually for off-season rice,
which became possible since the completion of the Diama reservoir
in the 1990s (Fig. 68). The large perimeters near Rosso and Richard
Toll contain a greater crop diversity, including tomatoes, onions
and other vegetables. East of Saint-Louis, several areas of horticul-
ture are located on higher grounds. The sugar cane plantations near
Richard Toll covered c. 11 000 ha in 2000-2005.

People Before the advent of irrigation, large sections of the lower
Senegal Delta were unusable for any kind of farming. Temporary
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Fig. 68 Annual surface area (ha) of cultivated rice during the rainy and
off- (dry) season in the Dagana Region in the Senegalese part of the
Senegal Delta. Source: SAED.
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Fish landing in Saint-Louis, where supply and demand meet on a daily
basis.

residents may have dwelt on the higher vegetated dunes and the
natural levees, particularly fishermen and pastoralists, but most of
the estuarine floodplain was uninhabited. The dynamic flooding
and salt intrusion further restrained the development of flood re-
cession agricultures. However, the inundation of the alluvial plains
along the river’s mid-course valley (waalo) and the cultivation of the
river banks (falo) supported a relatively dense population (Jobin
1999). The larger settlements in the Senegal Delta, such as Saint-
Louis, Rosso, Richard Toll, remained small until exploitation of the
delta could be sustained. Saint-Louis was the exception, playing a
major role in its early days as capital of French West Africa (1895-
1902) and of Senegal (1902-1958). Saint-Louis acted as the national
administrative centre as well as attracting fishermen, pastoralists
and traders. The poor navigability of the Senegal River and its dy-
namic embouchure probably prevented Saint-Louis’ development
as a national port giving access to the interior (Bernard 1992), a
function fulfilled by Dakar since at least the late 19" century.
Following the embankments, new settlements were established
in the deltanear the largerrice paddies, such as Diadiem and Bound-
oum around the Djoudj. Villages like Ross-Béthio and Rosso devel-
oped into large rural centres in the 1980s. From 1960 to 1988, the
annual population growth in the region was modest but did show a
clear increase between 1976 and 1988 (>3.8%). About the same time,
Richard Toll was booming (annual population growth 16%), linked
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to agronomical development and the busy sugar cane factories.
Saint-Louis remains the main centre in the region; after slow devel-
opment through the 19" and early 20" centuries, the community
rapidly spread after 1950. In 2001, the council censuses of Saint-Lou-
is, Richard Toll and Dagana counted 154 000, 70 500 and 25 142 in-
habitants (www.gouv.sn/senegal/population_chiffres.html) respec-
tively. Most of the delta (in 2008) currently is as an agricultural area
experiencing a high level of human activity. Protected areas, in par-
ticular the National Parks, are quieter and form a refuge for wildlife.

3000 —— discharge Bakel

—— releases Manantali
—— releases Diama

2500

2000

1500

1000

500

' I

1998 | 1999 ' 2000 = 2001 ' 2002 ' 2003 '

monthly river discharge & releases (m3/s)

2004 ' 2005

Fig. 69 Discharge at Bakel and water release from the Manantali and
Diama reservoirs in 1998-2005. From: omvs.




Flooding and river discharge

River discharge and water levels The river discharge upstream at
Bakel has been measured since 1950. In a rainy season in the Guin-
ean mountains (from May to September), the river discharge starts
to mount in July. In 48 of 56 years (1950-2005), the maximum dis-
charge at Bakel occurred in September; in 6 dry or wet years it was in
August and October, respectively. The flood takes about a month to
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Fig. 70 Water level at Richard Toll in 1995-2000 relative to sea level
(cm 1GN), after the completion of the Diama reservoir. The water level
in 1958 shows a relatively wet year before the construction of dikes and

dams. From: omvs.
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reach the delta at Richard Toll. The river discharge is subject to large
annual fluctuations; very low flows occurred during the droughts in
the 1970s and 1980s (Chapter 3). The rainfall recovered in the 1990s,
but the Manantali reservoir, in operation since 1987, affected the
river discharge negatively. Water retention reduced the maximum
monthly river discharge by an average of 11%, but it has reduced the
discharge by 36% in dry years (Fig. 15). The current discharge of the
Senegal is therefore determined by rainfall and by releases at Man-
antali. Releases by Manantali generate an artificial flood to enable
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Fig. 71 Monthly releases and water levels upstream the Diama dam in
1998-2005. From: omvs.
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flood recession agriculture to be maintained along the river’s mid-
course. An increasing demand for hydro-electric power may prevent
such flood management in the near future (Salem-Murdock et al.
1994, Duvail et al. 2002, DeGeorges & Reilly 2006), if the withholding
of the flood peaks in 2004 and 2005 is a reliable predictor (Fig. 69).
Before the construction of dams, the flood level in the delta fol-
lowed the pattern of the river’s discharge, reaching a maximum in
October, after which water levels dropped rapidly in the receding
flood. Since the completion of the Diama reservoir, the water level
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Fig. 72 Flood extent in the Senegal Delta plotted against river dis-
charge at Bakel in a natural, uncontrolled situation. Using the equation
in this figure, and the data on river discharge in Chapter 3, we recon-
structed the annual flood extent of the Senegal Delta (Fig. 73). Sources:

see text.
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Fig. 73 Reconstructed flood extent in the Senegal Delta, based on the
river discharge, the impact of dikes and dams and the partial restora-
tion of the floodplain. The Diama reservoir and inundated parts within
the embanked areas are not included in the part of the delta artificially
flooded.

112 Living

has remained high and stable throughout the year (Fig. 70). The res-
ervoir’s water level is kept at about 200-250 cm (IGN), as measured at
Richard Toll. The high water table is needed for gravity-induced ir-
rigation and for double crop cultivation. Just upstream of Diama,
the water level is maintained at ¢. 150 cm (IGN) during the flood and
at 200 cm (1GN) during the rest of the year (Fig. 71). During the flood
peak, the water level is lowered to release water and to avoid too
much pressure on the dam.

Reconstructing the flood Unrestrained flooding of the low-lying ba-
sins in the delta could occur up to the mid-1960s, although by the
early 1960s inundation of the Ndiaél basin had already been ham-
pered by the Saint-Louis to Rosso road acting as a low dike (de Nau-
rois 1965a). In the 1980s and 1990s the area subject to natural flood-
ing rapidly declined (Fig. 67). Today (2008) only the Ntiallakh and
Gandiol basins north and south of Saint-Louis function as estuaries
in the former floodplain, although even there the river is strictly
controlled. These basins cover c¢. 33000 ha, some 9.7% of the origi-
nal lower delta floodplain (3400 km?). 3

Since its conversion into farmland, inundation of the Senegal
Delta floodplain no longer is related to river discharge. Quantitative
data on the flooded area before the building of the first embank-
ments are scarce. According to Voisin (1983) and Triplet & Yésou
(2000), the delta between Richard Toll and the ocean covered c.
320 000 ha, of which at most 190 000 ha were subject to flooding.
Large floodplains (up to 676 500 ha) occur along the river’s mid-
course between Podor and Bakel (Diop et al. 1998). * Since flood ex-
tent is a function of river discharge (Chapter 3), flood extent in the
pre-dam era had to be reconstructed using satellite images of the
flooded area and maximum discharges (Fig. 72), but unfortunately,
such imagery from the pre-dam era is scarce. We used 1984 as the
year representative of a very low natural discharge. The maximum
inundation zone was digitised from the 1: 200 000 IGN map, sur-
veyed in 1957 (Fig. 66). With the exception of Lakes Guiers and R’kiz,
and the coastal lagoon of Aftout es Saheli in the north, the delta be-
tween Richard Toll and the ocean comprises 290 000 ha of low-lying
areas, of which 162 000 ha is on the left bank of the river (Senegal).
This area was flooded only during exceptionally high floods, as in
1950. We obtained another usable image for 29 October 1963 (mon-
ochrome, stereo medium; http://www.edcsns17.cr.usgs.gov/
EarthExplorer). Though the data set is very limited, the relation be-
tween discharge and flooding is strong (Fig. 72).

The loss of flooded area (Fig. 73, red bars) is the combined effect
of dams (Fig. 15) and reclamation (Fig 67). The surface area that
would have been flooded without dikes and dams was estimated pro-
portionally to the extent of the river discharge. Similarly, we took in-
creased flooding into account after the flood had been artificially re-
stored in the Djoudj National Park (since 1971) and the Diawling
National Park (Bell and Diawling basins) in Mauritania (since 1994)
(Fig. 73, light blue bars). These protected areas today (2008) contrib-
ute significantly to the actual flooding of the Senegal Delta (Fig. 73).



Our reconstruction as presented in Fig. 73 does not reflect reality
fully. First, part of the river discharge is used for irrigation of rice
paddies, which further reduces the flooded area in the remaining
floodplain, although, the embankments may have resulted in addi-
tional flooding during the flood peak, as observed for some years
after the Diama dam was built (Triplet & Yésou 2000). Secondly, in
the restored parts of the floodplain (Djoudj NP, Diawling NP) the an-
nual inflow of water may not be proportional to the maximum river

discharge. Thirdly, during each flood, areas within the embank-
ments are still inundated to some extent, partly the result of seepage
and discharge of drainage water from the rice paddies. Lastly, some
low-lying basins may act as catchment area for local rainfall.

To get an impression of the actual flood extent, we estimated the
surface of inundated areas - including embanked areas - from sat-
ellite images that recorded the flood peak. For this purpose, we used
17 “quicklooks” (www.glovis.usgs.gov). Though these images are

1957 29 Oct 1963 30 Sept 1972
3058 km? 1127 km2 619 km2
25 Sept 1973 6 Nov1977 18 Oct 1979
501 km? 541 km?2 482 km2
1 Oct 1984 7 Oct 1986 10 Oct 1987
280 km2 1005 km2 1008 km?2
16 Nov 1992 4 Nov1999 21 Oct 2000
938 km? 1623 km2 933 km?
9 Nov 2001 28 Nov 2002 14 Oct 2003
1188 km? 808 km? 1363 km? Fig 74 Waterbodies and inundated surface
area in the Senegal Delta as derived from
Mauretania satellite images nicknamed “quicklooks” (Land-
|:|Se'7e9 sat 1-7.Source: www.glovis.usgs.gov). For each
9/’2% quicklook, date and surface area (dark blue)
Senegal are given; the maximal flood extent in 1957 is
1 Nov 2004 3 Oct 2005 shown as light blue background in all other
719 km? 804 km? ) ) ) o
panels. Irrigated rice paddies are not indicated.
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Fig. 75 Inundated (wet) surface area during the maximum flood ex-
tent in the Senegal Delta (excluding Lake Guiers, Aftout el Saheli and
irrigated areas), plotted against river discharge for the years 1963-1986
and 1987-2005 (derived from satellite images, Fig. 74).

partly obscured by vegetation cover, they offer a fairly accurate im-
pression of the annual variation in flooding and the extent of inun-
dated areas and shallow water bodies in the delta (Fig. 74, which
omits irrigated rice polders, shown in Fig. 76). The images clearly
show the droughts in the 1970s (the 1972 and 1973 images) and the
1980s (the 1984 image). During the droughts of 1983 and 1984 al-
most the entire delta remained unflooded and water was scarce (Al-
tenburg & van der Kamp 1985). The 1987, 1999 and 2003 images il-
lustrate the flooding during wet years, when more water is also
present within the embanked basins, possibly due to the combined
effect of local rainfall and the higher inflow during the flood. The
excessive flooding of the Mauritanian part of the delta in 1987 was
caused partly by the impoundment of water near the Diama dam,
which had become operational in 1986, when the dikes on the Mau-
ritanian part of the reservoir were still incomplete. The images from
1999 onwards clearly show the effects of the 1994 rehabilitation of
the Diawling and Bell basins in Mauritania. Note also that Trois
Marigots - formerly an important delta wetland - has become pro-
gressively wetter since 1990 (Triplet & Yésou 2000). The close corre-
lation between flood extent and river discharge in the past (Fig. 72)
has remained partly intact despite the change in the hydrological
regime (Fig. 75), but the hydrological engineering has seriously im-
pacted plant communities in the wetlands (see next Section).

Wetlands

Originally, the alluvial plain of the Senegal Delta comprised a huge
wetland zone interconnected with other wetlands such as Lake
Guiers, Lake R’kiz and the Aftout es Saheli. De Naurois (1965a) de-
scribed the area as a vast system of lakes, creeks, gullies and flooded
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Estuarine habitats — mangroves, tidal mudflats and sandy plains —as

found downstream of the Diama dam.The sandy plains in the northern
part of the estuary only become inundated during high floods.

marshes in the grip of considerable water level fluctuations - within
and between years - and a continuously shifting estuarine gradient
from the coast inland, by which, in the dry period, the brackish zone
moved from far inland (as far as Richard Toll) to close to the coast
when the river flow was maximal. Much of the temporarily inundat-
ed marshes, in particular around the Grand Lac (in the current
Djoudj NP), comprised flooded grasslands of Sporobolus robustus,



Vossia cuspidata, Oryza longistaminata and Vetiveria nigritana, typi-
cal of Sahelian floodplains. The flooded pastures, grazed in the dry
season, extended southwards up to the Djeuss, Lampsar and Ndiaél
basins. Coastal lagoons and marshes hugged the dunes. Flood for-
ests of Acacia nilotica could be found along the river, from Richard
Toll to Diama, but downstream of Diama were replaced by man-
grove forests of Avicennia and Rhizophora.

In the early 1960s, the delta lost a significant amount of its wet-
lands. The Ndiaél - home in the 1950s to tens of thousands of stag-
ing waders such as Black-tailed Godwit and roosting ducks (Roux
1959b) - became partly dry in 1962 to 1963. This loss of wetland hab-
itats followed the implementation of hydrological engineering
schemes and subsequent cultivation of the delta (Fig. 67). Within a
few decades, most flood forests and Sporobolus-grasslands had been
converted into cultivated areas or dry, saline plains, which received
water only during the rainy season. On the completion of the Diama
dam, the northern part of the estuary changed into a desert-like envi-
ronment. The flooded marshes in the central delta had received pro-

tection through the designation of the Djoudj as a National Park in
1971, but its flooding since then has been artificially so, with water
from the Diama reservoir. Flood restoration in the Bell and Diawling
basins in Mauritania led to the recovery of the Sporobolus habitat
and the reappearance of floating Echinochloa colona meadows (Ha-
merlynck et al. 1999, Hamerlynck & Duvail 2003). The restoration of
the estuarine gradient, by fresh water discharge from the Bell and
Diawling basins into the Ntiallakh basin, initiated the regrowth of
mangrove forests downstream. Both National Parks - Djoudj and Di-
awling - are typical, albeit managed artificially, of the original wet-
lands in the Senegal Delta (Box 9).

Wetland habitats The delta consists of a wide array of habitats, in-
cluding an estuary, artificial floodplains, marshes, lakes, the Diama
basin, embanked basins with irrigated agriculture, dried-out saline
sebkha-like plains and patchy marshland in former tributaries and
depressions (Fig. 76). The marshes are inundated temporarily or
used as drainage basins for irrigation agriculture. Most wetland
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Fig. 76 Wetland habitats and land use in the Senegal Delta, based on data of the saep, Wulffraat (1993), Duvail & Hamerlynck (2003), Peeters (2003),
satellite images and field observations in 2003-2005 (E. Wymenga unpubl.). Habitats are distinguished on the basis of hydrological features and

vegetation communities.
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In the Djoudj NP a variety of marshland habitats can be found in the central part, frequently with Tamarisk bushes.

habitats in the delta are degraded in one way or another through
insufficient flooding, invasive plants or human interference.
Estuary (35 000 ha) The estuary downstream of the Diama dam,
in the Ntiallakh and Gandiol basins, encompasses the main river,
tidal gullies, tidal mudflats, lagoons, vegetated salt marshes, man-
groves and - in the northern part - some Sporobolus grasslands.
Tamarisk Tamarix senegalensis bushes pepper the levees and the
more elevated parts of the inundation zone in southern Gandiol.
The tidal influence reaches as far as the Diama dam. The sandy
plains to the north, just south of the Bell basin, are flooded only dur-
ing high river floods (Fig. 74). Here, small mangrove forests fringe
the main gullies. In the past, mangroves covered a much larger area,
but these largely vanished in the 1980s and 1990s due to hydrologi-
cal changes in the delta. The artificial flood releases from the Bell
and Diawling basins revitalised the estuarine gradient in the Ntial-
lakh basin, allowing a partial recovery of mangroves (Z.E. Ould Si-
daty, pers. comm.). The recent creation of a new river mouth south
of Saint-Louis increased the influence of the ocean (Mietton et al.
2007), impacting on the estuarine environment. A comparison of
counts in January of the five years before and the four years after the
breach, revealed a significant decline in Black-winged Stilt, Little
Ringed Plover, Kentish Plover, Redshank and Little Stint, and an in-
crease in Knot, Sanderling and Ruff (Triplet & Schricke 2008).
Artificially flooded plains and marshes (34 000 ha) The Djoudj and
Diawling National Park, situated across from each other on the left
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and right bank of the river, have been being flooded artificially since
1971 and 1994 respectively (Fig. 67), a process that imitates natural
flooding. During the flood, the basins are fed from the Diama reser-
voir, mostly in July and August (Djoudj) and July to October (Diawl-
ing). The inlets are closed during the rest of the year, resulting in a
gradual desiccation until in June the basins are almost completely
dry. In the low-lying basins of the Djoudj, the extent of desiccation is
usually much less, because the water level in the Diama basin tends
to prevent their drainage (Diop & Triplet 2006).

The lakes and gullies lack vegetation in their deeper parts, but
shallower sections are vegetated with floating and submergent
plants like Common Hornwort Ceratophyllum demersum, Pondweed
Potamogeton sp., Water Spinach Ipomoea aquatica, Water Lily Nym-
phea lotus and N. maculata. Floating assemblages, Echinochloa
stagnina and E. colona, cover only small areas. Around the Grand Lac
in the Djoudj and in the Diawling and Bell basins, extensive grassy
floodplains - Sporobolus sp. and Vossia cuspidata - containing sedg-
es Cyperus sp. and rushes Scirpus * sp. occur. Sporobolus robustus is
often the dominant species, but Scirpus littoralis, S. maritimus, Eleo-
charis mutata and Cyperus sp. may abound whenever soil type, graz-
ing, salinity or flood duration permit (Wulffraat 1993). In the Djoudj,
marshland vegetation are usually dominated by Sporobolus and Scir-
pus, occasionally also by Cattail and Reed. Tamarisk and other
shrubs are present on drier ground, accompanied on the higher
levees by Toothbrush Tree Salvadora persica, whose berries form an



important food source for pre-migratory passerines (Stoate & More-
by 1995). While the landscape of the Diawling National Park has an
open character, the Djoudj comprises a mosaic of open plains and
denser vegetated marshes and levees.

Lake Guiers and the Diama reservoir Lake Guiers and the Diama
reservoir have a more or less high and stable year-long water level
(Fig. 71). Lake Guiers serves as a reservoir of potable water for Dakar
and is continuously fed by fresh water from the river. The borders of
the lake are vegetated with dense Cattail stands; the lake itself holds
hardly any aquatic vegetation. An outburst of the invasive aquatic
Kariba Weed Salvinia molesta in the 1990s was successfully sup-
pressed through biological control (Pieterse et al. 2003). The Diama
reservoir comprises the main river and adjacent riverbanks and af-
ter it was created, the shallow banks were rapidly colonised by Cat-
tail, which at present forms dense stands over much of that area.
Stands of Cattail outcompete other plant species, except for Reed
and the floating Kariba Weed.

Wetlands in embanked basins  Beyond the irrigated paddies
(121 000 ha, 35% of the delta), the arid eastern and southern saline
areas of the delta lost their wetland character after the embankment
work. They can be inundated still after exceptionally heavy rains,
but for only a short period; normally they remain dry (Fig. 74). The
arid and saline plains containing Salsola baryosma and Glasswort
Salicornia sp. constitute the outlying and more elevated parts of the
original floodplain, whose open aspect is maintained by salinity and
by grazing. Within the irrigated fields, a scattering of pools with Wa-
ter Lily and Cattail provide (temperate) shelter to birds, amphibians,

Monitor Lizard Varanus niloticus and mongoose. Wetlands within
embanked areas are fed permanently or temporarily by fresh or
brackish water: these include water inflows from the Diama reser-
voir, dammed streams, drainage basins and natural depressions.
Most of the former tributaries and depressions used for irrigation or
drainage have been invaded by Cattail. Before the flood was tamed
in Trois Marigots in the southern delta, Cattail vegetation developed
in the deepest parts with standing water, which is typical of perma-
nent waterbodies in the delta; in some cases Cattail is mixed with
Reed and Scirpus sp. (Peeters 2003). Patches of open water may be
occupied by submergent or floating vegetation such as Bladderwort
Utricularia stellaris and Water Lilies.

In temporarily inundated brackish basins, Cattail is less domi-
nant. In the Ndiaél, a former core wetland in the delta in the 1950s,
only its northern part holds water annually. The basin is fed by
drainage water and serves as catchment basin for precipitation on
higher ground. The brackish nature of the water is reflected in the
mixed vegetation of rushes, sedges and Cattail. Many former depres-
sions, inundated temporarily or not at all, are highly saline; as a typi-
cal example, the salty depressions east of Saint-Louis lack any vege-
tation. Bare and salty plains are found in parts of the Ndiaél, Trois
Marigots and in the northwestern Mauritanian part of the delta.

Abandoned fields often are arid and saline, vegetated sparsely by
Salsola baryosma; Tamarisks grow in the surrounding dikes. Low-
lying parcels of land near marshes, if inundated regularly, may re-
gain their wetland character. Abandoned plots becoming perma-
nently inundated are overgrown rapidly by Cattail; only the presence
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Flooding of the Diawling NP, through inlet of water from the Diama
reservoir, was restored artificially in 1994. The subsequent recovery of
floating meadows of Echinochloa colona, the return of Sporobolus on
the floodplains and the shallow lakes that came into being created
favourable conditions for waterbirds.

of disused banks and dikes distinguishes them from Cattail marsh-
es. The difficulties encountered in cultivating the delta resulted in
the abandonment of many fields. From recent satellite images we
estimate the surface area of abandoned fields at 35 000 ha (source:
SAED, Peeters 2003), apart from many small abandoned parcels of
land within large areas of cultivation.

Forests (225 ha) Forests have all but vanished from the delta. The
flood forests, or gonakeraies, consisted predominantly of Acacia
nilotica whose canopy was up to 20 m high. They were inundated for
at least 15 days, and at most two months per year. Flood control,
grazing and tree-felling successively depleted the forests, just as
happened outside the delta. According to Camara (1995, in Peeters
2003), the surface area covered by forests in the region of Podor, just

Salinisation and other constraints led to the abandonment of significant
areas of cultivated rice fields. Unexploited low-lying rice paddies regain a

wetland character, others turn bare and saline. December 2005.

east of the delta, decreased by 74%; 64% between 1954 (9055 ha) and
1986 (3294 ha) and by another 10% until 1991 (2385 ha). In former
times, the river’s mid-course valley held extensive riverine wood-
lands of Acacia nilotica. Tappan et al. (2004) estimated that between
1965 and 1992 the surface area of these woodlands declined from
39357 hato 9070 ha (-77%). Significant forests nowadays (2008) are
confined to protected areas (foréts classées); such forests are vital to
species such as Turtle Doves for roosting and loafing (Chapter 32).
In the delta, wooded cover is now extremely scarce and predomi-
nantly occurs along the main channels in the Djoudj National Park.
In the Guembeul Nature Reserve, south of Saint-Louis, the original
A. tortilus raddiana woodland is preserved as habitat for reintro-
duced game.

Invasive plants Human-induced changes to wetlands worldwide,
direct or indirect, pave the way for non-indigenous plant species, and

The construction of the Diama dam resulted in a stabilisation of water levels and prevented salt from infiltrating the hinterland. These conditions
provided a red carpet welcome to non-indigenous plant species. In particular, Cattail (left) and Kariba Weed (right) rapidly invaded open water, creat-

ing impenetrable floating mats up to one metre thick.
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Extensive and dense Cattail vegetation in the Senegal Delta (Diama

reservoir) in December 2004. Transect counts were performed along the
fringes of Cattail stands, while mist-netting was carried out perpen-
dicularly to the vegetation edges.

the Sahelian wetlands in general and the Senegal Delta in particular
are no exception (Keddy 2002, Zedler & Kercher 2004). Water Hyacinth
Eichhornia crassipes and Water Lettuce Pistia stratiotes are aggressive
invaders that may rapidly blanket aquatic habitats. They form dense
floating mats, outcompete indigenous plant species and negatively
impact botanical and animal biodiversity (Zedler & Kercher 2004,
Frieze et al. 2001). As long ago as the early 20" century, the people liv-
ing near Lake Guiers protested against a sluice controlling the water
inlet of the lake, as it had resulted in the invasion of Cattail (Bernard
1992). The Senegal Delta is a classic example of a disrupted wetland
infested with invasive plants (Fall et al. 2004), a circumstance that has
spawned much research (Boubouth et al. 1999, Fall et al. 2004, Hell-
sten et al. 2002, Pieterse et al. 2001, Peeters 2003, Kloff & Pieterse
2006).

The construction of the Diama dam stabilised the water table and
prevented salt intrusion. This radical change in the ecosystem was im-
mediately followed by explosive growth of Cattail in the reservoir’s
shallows. The dense, monotypic stands of Cattail were said to form ‘an
almost impenetrable wall between the river dikes and the open water’
(Kloff & Pieterse 2006). The Diama reservoir was not the only source of
infestation; most permanent freshwater habitats were invaded too.

Rosso

Typha-cover
absent (apart from canals and streams)
occasional to frequent

Il dominant
Il permanent water

. Richard Toll

Fig. 77 Distribution and relative abundance of Cat-
tail in the Senegal Delta, based on data of L. Manding
(sAED, in litt.), omvs, Peeters (2003), satellite images
and field observations from 2003-2005 (E. Wymenga
unpubl.).NB In areas where Cattail is indicated as

20 km absent, it is actually omnipresent in non-saline, per-

manent shallow waterways.
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Dense Cattail clogged waterways and impeded access to fishing
grounds. Moreover, pools in Cattail stands provided favourable habi-
tat for snails and molluscs, which act as a host for parasites and water-
borne diseases (Boubouth et al. 1999, Jobin 1999, Kloff & Pieterse
2006).

Of the other non-indigenous plants proliferating in the Sahelian
floodplains, Water Lettuce, Kariba Weed and Water Hyacinth (Fall
et al. 2004) probably present the greatest threats. Water Lettuce had
become abundant after the mid-1990s, but Water Hyacinth had
been much less so. Kariba Weed was accidentally introduced in the
delta in 1999, but in under a year it had invaded all open freshwater
habitats in the Diama reservoir, forming dense mats, expanding
from Rosso to the Diama dam and clogging irrigation canals. By
2000, Kariba Weed had formed up to 1 m thick floating mats along
Cattail stands near sluices and dams (Kloff & Pieterse 2006), but in
June and July 2000, the army were called in to help remove it manu-
ally in the larger water bodies affected. This measure worked for
only a few months (Pieterse et al. 2003, see also Triplet et al. 2000,
Diop & Triplet 2000, Diouf et al. 2001). A subsequent campaign of
biological control employing the neo-tropical weevil Cyrtobagous
salviniae, which feeds exclusively on Kariba Weed, proved to be
more successful (Pieterse et al. 2003). In 2005 and 2006, Kariba
Weed seemed to be under control and, although it is still abundant
in most freshwater habitats, but at much lower densities.

The domination of Cattail At present (2008) Cattail rules the delta
(Fig. 77), for it covers at high density an estimated 53 000 ha and is
abundant in another 21 600 ha, a total area representing c. 50% of
the delta wetlands. It is also dominant in the waterways of irrigated
agriculture. Several measures have been tried to reduce Cattail in
the delta; these involved manual or mechanical clearance, dredging
of important waterways, mowing or burning and, locally, chemical
control with glyphosate (Hellsten et al. 1999, Peeters 2003), but none
offer a long-term solution. The GTz investigated the possibility of
carbonising Cattail, aiming at a profitable use for local communi-
ties (Henning 2002 in Elbersen 2006), but so far this study yielded
no method for a wide-scale applicable use.

In the delta, the prolific growth of Cattail is rooted in its ecology.
Cattail is a pioneer in shallow marshlands. It grows on waterlogged
soils on peat, clay and sand, up to a water depth of 1.5 m. The seeds do
not need oxygen to germinate. Its tolerance of anoxic conditions and
its large ecological range (fresh to brackish, mesotrophic to hyper-
trophic) are the key to the rapid colonisation and often its dominance
of a wide range of marshland habitats. In the once estuarine Senegal
Delta, reduced salt intrusion, eutrophication (via fertilisation of irri-
gation cultures) and increased stagnancy of water levels upstream of
Diama offered well-tailored conditions for Cattail and other invasive
plants. The human-induced simplification of the intricate biological
relationships in a variety of dynamically stable ecosystems provides
ideal niches for invasive pioneers at the expense of a loss of biodiver-
sity. The Senegal Delta is far from unique, for worldwide, cattail spe-
cies have invaded such wetlands (Frieze et al. 2001, Keddy 2000).
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The installation of protected areas, in particular the Djoud]
National Park (1971) and the Diawling National Park (1991), safe-
guarded a significant part of the biological assets of the delta.
The necessary management, surveillance and maintenance, be-
ing the core business of actual protection, requires a constant
input of labour and finances.

Women from neighbouring villages collect Sporobolus in the
Djoudj NP and Diawling NP to make their traditional mats and
baskets, a well-known artisanal product from the region.



Box 9

National Parks in the Senegal Delta:

Djoudj and Diawling

In the early 1960s, de Naurois (1965a) anticipated the imminent
danger that large-scale irrigation plans posed to natural habi-
tats by proposing to safeguard core areas in the Senegal Delta.
The Ndiaél wetland had already by then turned into a semi-arid
landscape. A major step was the creation of the Djoudj National
Park (PNnOD, Parc National des Oiseaux du Djoud,) in 1971, as a na-
tional bird sanctuary of 13 000 ha, enlarged to 16 000 ha in 1976.
The park became a stronghold of breeding Afrotropical water-
birds. Thanks to artificial flooding, the park also attracted huge
numbers of migratory Palearctic ducks and waders. Over the
years, local communities increasingly became involved in the
management of the park (Beintema 1989, 1991), including the
promotion of small-scale ecotourism. In this regard, the breed-
ing site of Great White Pelicans was — and is — particularly eye-
catching. Increasingly, however, artificial flood management is
causing ecological problems. Discharge of water, to lower the
water level in the park, is impossible because the artificial lake is
always much higher than the central lakes of the park (Diop &
Triplet 2006). This implies that near-dry conditions can not be
simulated anymore, inadvertently creating the perfect habitat
for invasive plants.

The establishment of the Diawling National Park (PND, Parc
National du Diawling) in Mauritania provided another boost to
the restoration of natural habitats in the Senegal Delta. It took
more than ten years of debate before the park became reality
(GFcc 1980, Hamerlynck 1997). pND was designated in 1991 and
covered 16 000 ha, including the Bell and Diawling Basins. Em-
bankment of the basins and water inflow from the Diama reser-
voir facilitated flood restoration, starting in 1994 (Hamerlynck &

Duvail 2003). The success of this project is a reminder of the re-
silience of Sahelian ecosystems. Invasive plant species remained
at bay thanks to flood dynamics (managed artificially) and the
inflow of salt water in the Bell basin during the dry season, cir-
cumstances that resemble the natural situation. The restoration
of the estuarine gradient in this part of the lower delta encour-
aged the recovery of mullet migration, leading to renewed fish-
ing. Also, the Sporobolus plains in the Diawling have recovered,
enabling local women to reintroduce their production of mats
and other traditional products. Local communities were closely
involved in the restoration process, which was crucial for gaining
their support (Hamerlynck 1997, Hamerlynck & Duvail 2003). Be-
cause the success of the park attracts many people from else-
where, the use of natural resources (fish, shrimps, grasslands
and forests) needs to be carefully balanced and demands perma-
nent attention. The same is true for grazing in the Djoudj NP
(Touré et al. 2001) and hunting in the border zones (annually
5000-6000 Garganey, 500-1000 Whistling Ducks and a few hun-
dred waders are shot; Peeters 2003). International investments
in national conservation schemes often act as a magnet to peo-
ple seeking opportunities associated with park-related funding,
which jeopardises the effectiveness of conservation measures. A
similar example in the Sahel relates to the reflooded Waza Log-
one (Scholte 2003; Chapter 9), and higher human population
growth rates near protected areas have been evident across
ecoregions, countries and continents (Wittemyer et al. 2008).

The two National Parks cover c.10% of the total delta and hold
c. 75% of the water (excluding the tidal part) in the dry period.
The artificial flooding restored estuarine gradients, and regener-
ated shallow brackish lakes and floodplains with Scirpus mariti-
mus, S. littoralis, Sporobolus robustus and Echinochloa colona.
Most waterbirds in the delta are now concentrated in the Na-
tional Parks. The Parks host a diverse fauna of insects, fishes, am-
phibians, reptiles (Nile Crocodile Crocodylus niloticus, Monitor
Lizard Varanus niloticus, Python Python sebae), and both small
and larger mammals (like Patas Monkey Cercopithecus patas and
Warthog Phacochoerus aethiopicus). However, species such as
Dorcas Gazella dorcas and Red-fronted Gazelle G. rufifrons, which
may have been common in former days, remain on the verge of
extinction (Peeters 2003).



Waterbirds

Birdlife in the Senegal Delta impressed naturalists in the past (Neu-
mann 1917) and still attracts many birders. Half a century later,
French naturalists started to quantify the ornithological importance
of this part of the West African coast (de Naurois 1965b, Roux
1959a&b, Morel & Roux 1966a&b, Morel & Roux 1973).

Bird counts Inthe early 1970s, coinciding with the start of the Great
Drought, the Centre de Recherches sur la Biogeéographie des Oiseaux
(CrRBPO) set up a bird monitoring scheme involving aerial counts in
January, concentrating on wintering Palearctic ducks and geese in
the Senegal Delta (Roux 1973a,1973b, Roux & Jarry 1984). Aerial cen-
suses in the 1974-1978 period were combined with a study on their
population dynamics (Roux et al. 1976, 1977, 1978). From the 1980s
onwards, starting with a Dutch Spoonbill expedition (Poorter et al.
1982), many surveys of migrant waders and passerines have been
carried outin the Senegal Delta (e.g. Altenburg & van der Kamp 1986,
Meininger 1989a, 0AG Minster 1989b, Tréca 1990, Beecroft 1991).
Since the 1989, the waterbird censuses have been pursued by the
French organisations of Office National de la Chasse et de la Faune
Sauvage (ONCFs) and Oiseaux Migrateurs du Paléarctique Occidental
(omPO) in collaboration with Direction des Parcs Nationaux (DPN,
Senegal). Unlike the Inner Niger Delta in Mali, from which year-
round data are available (Chapter 6), censuses in the Senegal Delta
were confined mostly to midwinter (January) in collaboration with
the International Waterbird Census (e.g.. Triplet & Yésou 1998,
Schricke et al. 2001, Dodman & Diagana 2003 ; Box 10).

Information on Afrotropical (water) birds is limited, apart from
studies on the exploitation of rice fields by ducks (Tréca 1999, Tri-
plet et al. 1995). An impression of the ornithological diversity and
importance of the Senegal Delta can be obtained from Morel &
Morel (1990), the checklists of birds recorded in the Djoudj (Rod-
well et al. 1996, Triplet et al. 2006) and reviews of (breeding) water-
birds in the delta (Roux et al. 1976, Triplet & Yésou 1998, Schricke
et al. 2001). We focus on the impact of the transformation of the
delta, from an estuarine floodplain into a cultivated area, on water-
birds.

Waterbirds breeding in colonies The few delta-wide surveys of breed-
ing waterbirds have been largely confined to colonies and large spe-
cies; additional information relates mostly to anecdotal observa-
tions.

Distribution The estuarine floodplain of the Senegal Delta is an
attractive breeding ground for colonial waterbirds. Next to the flood-
plain proper, the adjacent coastal zone offers productive feeding
grounds and safe breeding sites on islets or in the mangroves. De
Naurois (1969) recorded 12 colonies of cormorants, herons, ibises
and spoonbills in 1961-1965 (Fig 78). A large colony of Great White
Pelicans was situated in the Aftout es Saheli, north of the delta,
where De Naurois (1965b) also discovered a colony of Lesser Fla-
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Box 10

Censusing waterbirds
in the Senegal Delta
requires a great effort

Patrick Triplet & Vincent Schricke (omPo & ONCFS)

Of all the large floodplains in the Sahel, the Senegal Delta is
probably the least difficult to survey. Aerial surveys are essen-
tial to cover the much larger Inner Niger Delta, or the Chad Ba-
sin, whereas it is possible to count the birds across the Senegal
Delta simply by using cars and boats, although to do so demands
much time and manpower. Since 1989, the midwinter count of
the delta has been organised annually by Direction des Parcs Na-
tionaux (DNP), Office National de la Chasse et de la Faune Sau-
vage (oNcFs) and Oiseaux Migrateurs du Paléarctique Occidentale
(ompo). Data are available from previous surveys carried out
since the late 1950s, which makes the delta probably one of the
best monitored sites in Africa.
In the Senegal Delta, counts have been carried out in the follow-
ing main sub-sections:
+ Djoudj National Park.
- Djeuss hunting zone.
+ Langue de Barbarie National Park.
« Gueumbeul Special Reserve and the surrounding lagoons
and ponds.
- Ndiael Reserve and the Trois Marigots.
+ Lake Guiers (only one marsh, close to the lake, has been
counted: N'Der).
« The Diawling National Park and its surrounding wetlands.
Given the size of the total area, counts are organised in a hier-
archical way, starting with the Djoudj NP and Diawling NP. Dur-
ing our series of twenty January counts, the Djoudj NP was the
major waterbird wintering site, mainly Anatidae during the day.
However, the Diawling NP did become increasingly attractive to
waterbirds, such as Great White Pelicans and Lesser Flamingos,
which moved back and forth between them, the very reason why
both parks are counted simultaneously on 15 January. All the oth-
er sites are counted during the following two days.

Apart from census errors (see Chapter 6: Inner Niger Delta),
practical problems abound, either human-caused or posed by
the environment. Logistic problems are manifold, ranging from
car breakdowns, impassable tracks or high flood levels prevent-
ing teams from reaching important counting positions in the
delta. Some former counting routes and observation points in
the delta may have disappeared due to physical changes such as
rice field development, prolific growth of Cattail and variations in
the water regime. During the January count in particular, drifting
sand is a major problem. Sometimes visibility is reduced so badly



that counting is impossible for a couple of days. Most frustrat-

ing is when a clear view of the area is restricted to just the first
few hours of the day (between 07:30 and 09:30). Imagine having
to count around 400 000 ducks in just two hours on the Grand
Lac in the Djoudj NP! That is certainly no sinecure and would be
absolutely impossible without the help of many volunteers.

To cover the Djoudj NP fully during a survey, we adopted a
number of standard procedures, starting with meeting all the
participants (about 50) at the Djoudj NP Biological Station. It
takes seven teams to count birds in the Djoudj. Each team is
composed of an experienced ornithologist and several (3-6)
assistants. The team leader is responsible for the survey in his
section, and must be acquainted with the local terrain and the
expected distribution of birds. At present (2008), only a few peo-
ple are sufficiently trained to count waterbirds on the big lakes
(Grand Lac, Lac du Khar) in the central Park area, where most

ducks roost during daylight. It takes 27-30 people to accomplish
a complete count of the Djoud]j NP; six or seven cars and three
boats are also required.

The most complicated site to count is Lamantin Lake, where
the team has to walk through water for three to four hours before
arriving at the preferred observation point. Since the late 1990s,
dense Cattail has thwarted any attempt to reach the lake or, more
precisely, the last few remaining hectares of the lake proper. An-
other challenge, sometimes almost a nightmare, is the Grand Lac.
The lake is very difficult to cover in the two hours after sunrise
when visibility is adequate; the heat and the wind frustrate any
attempt at counting later in the day, but it is even more difficult
when there has been no wind at all the previous night.In such an
event, and we were never able to figure out why, the ducks roost
in remote and inaccessible ponds on their return. Duck numbers,
in particular of Pintail and Garganey, are then inevitably underes-
timated, making it necessary to undertake repeated counts over
several days to obtain a reliable estimate of numbers.

The water level varies constantly in the Trois Marigots, the
greater part of which has become overgrown by Cattail and
Reed, making counting birds more and more difficult. Neverthe-
less, annual monitoring is desirable because this unprotected
site hosts a small group of African Pygmy Geese, a species con-
sidered to be a reliable indicator of wetland quality.

The lagoons near Saint-Louis attract large numbers of coastal
waders, which can be counted from only two observation points:
the first involves the dike separating the lagoons from Saint-Lou-
is, and is a suitable counting site when the flood is sufficiently
high to flood the local area; the second is near the small village
of Leybarboye, where two people can count, but only during the
mornings, because for most of the day the birds remain at con-
siderable distance from the observers. Counting here is further
complicated by the presence of mixed-species flocks.

During the 1989-2008 period of 20 years of systematic count-
ing, more than one hundred people - rangers, students and
ecoguides - were trained and became involved in the census
program. However, turnover among observers was extremely
high, more so than in the average wader population! Some peo-
ple simply did not turn up, others had quit or had transferred
to jobs in other protected areas, and some had died. As of 2008,
the team leaders at the more difficult sites are still going strong,
but new recruits are lacking and so there is no guarantee that
monitoring the numbers of wintering and staging waterbirds,

By joining forces waterbirds in the Senegal Delta are counted in mid- particularly in January when efforts are greatest, will continue

winter (January) already two decades in a row. The annual census over the next 20 years at the same levels of accuracy attained so
requires 30-40 participants, organised in seven teams each counting a far. We can but hope that young Senegalese ornithologists will
subsector of the delta. This huge effort is possible through a co-opera- take up the challenge and continue this unique nonstop series

tion between the DPN, ONFCS and ompo. of waterbird counts in West Africa.



Situated on an islet in Marigot du Djoudj, the breeding site of Great White Pelicans in the Djoudj National Park is subject to heavy erosion (Diop &

Triplet 2006, 1.S. Sylla pers.com.).

mingo. This location is the only, though irregular, breeding site of
Lesser Flamingos in this part of Africa (Trolliet & Fouquet 2001).
During the 1960s 17 colonially breeding bird species were recorded
in the Senegal Delta, including Great White Pelican but excluding
gulls and terns restricted to the coastal zone. Despite the embank-
ment construction in the early 1960s, the delta was still largely natu-
ral (de Naurois 1965a). Most colonial waterbirds bred in trees, espe-
cially in Tamarisk and Acacia nilotica in the eastern and northern
part of the delta, and in mangroves (Avicennia sp., Rhizophora sp.) in
the lower delta.

A second survey in the early 1980s revealed large changes in num-
bers and distribution of colonies (Fig. 78). While De Naurois (1969)
found no colonies in the central part of the delta, up to five colonies
were present in the Djoudj in 1979-1980: one of Purple Herons
breeding in a Reed marsh and the others of mixed species composi-
tion in Acacias. In 1975, the main mixed heronry was located in the
Djoudj NP, totalling 8000 pairs (Roux 1974). The absence of colonies
in this part of the delta in the 1960s was explained by the lack of fa-
vourable feeding conditions and the absence of trees for breeding,
the latter being associated with heavy grazing (Voisin 1983). The es-
tablishment of the National Park in 1971 resulted in the removal of
livestock, reflooding and protection against poaching. These meas-
ures turned the Djoudj NP into a core area for breeding waterbirds
in the delta. While colonies elsewhere in the delta continued to dis-
appear, the Djoudj hosted important breeding sites with at least 15
species of colonial waterbirds in 1985-1987 (Rodwell et al. 1996).

From 2000 to 2006, the breeding colonies in the delta were con-
fined mostly to protected National Parks (Fig. 78), although in July
2006 indications of Cattle Egret breeding were obtained near Rich-
ard Toll (J. van der Kamp, unpubl.). The distribution of colonies over-
laps with favourable feeding grounds (shallow marshes, estuary) and
sites suitable for breeding (protected sites on islets, trees and bush-
es). In the Djoudj 2-4 mixed colonies of cormorants, egrets and her-
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ons are present, as is a colony of Great White Pelicans in the centre of
the park. ¢ The other breeding sites in the delta are in the Diawling
NP, where, after the restoration of the flood in 1994, colonial water-
birds showed a remarkable upsurge in numbers (Hamerlynck & Du-
vail 2003, Diagana et al. 2006; Table 10). From 2004 to 2006, the Di-
awling NP harboured 4-5 mixed colonies, located in low Tamarisk
bushes or mangroves. The colonies of Great Cormorant, African

Table 10 Estimates of the breeding population of colonial waterbirds
in the Diawling National Park (Diawling, Ntiallakh, Tichllit basins) in
1993,1999 (Hamerlynck & Duvail 2003) and in 2004 and 2005 (Direction
Parc National du Diawling, Diagana et al. 2006). Key: + = present, - = no
breeding recorded.

Year 1993 1999 2004-2005
African Darter - >25 1150
Long-tailed Cormorant <50 >250 1300-1400
Great Cormorant <30 >500 4500-5000
Great White Pelican - 1400 -
Pink-backed Pelican - 5-10 -
Black-crowned Night Heron <5 >100 20-30
Squacco Heron <50 >150 -
Cattle Egret <10 >250 50
Little Egret <25 >200 100-320
Great Egret - >200 800
African Spoonbill - 5 50-600
Sacred Ibis - + 50-70




Darter and Great Egret are among the largest known in West Africa.
Population trends The establishment of the Djoudj NP in 1971
was vital to the preservation of breeding waterbirds in the delta. The
increase of colonial and ground-nesting waterbirds in both the
Djoudj and Diawling can be attributed to: (1) Flood rehabilitation
(new feeding habitats) in combination with a partial recovery of
rainfall and flooding. (2) Return of trees and bushes after the area

The breeding site of Great White Pelicans was —and is — particularly eye-
catching, and a magnet for tourists visiting the Djoud]j National Park.

had been closed to livestock (new breeding habitats). (3) Prevention
of poaching (safe haven).

The quantitative information on breeding colonies in the Sen-
egal Delta for the 1960s and early 1980s must be considered as rough
estimates (Table 11); data from the 1990s and subsequently are in-
complete for the Djoud;. African Darter and Long-tailed Cormorant,
widespread in the 1960s, faced a strong decline during the 1970s,
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1980s and 1990s, related to drought and reclamation of the flood-
plain (Voisin 1983, Yésou & Triplet 2003; Table 11). From 1999 on-
wards, both species showed a spectacular recovery, stimulated by
the flood restoration in the Diawling and probably also by a series of
high floods. Great Cormorant was recorded as having only a few pairs
in the 1960s, but has increased since then (Yésou & Triplet 2003). In
2004-2006 large colonies of this species were found in the Diawling
NP. The breeding success of African Darters and cormorants in the
Diawling was high (Diagana et al. 2006), but not high enough to ex-
plain this fast increase. This hints at a shift from other areas, such as
the Djoudj, but Long-tailed and Great Cormorants may also have
come from littoral breeding zones in the north; on the Banc d’Arguin
for example, where the breeding numbers of Long-tailed Cormorant
more than halved between 1997 and 2004 (Veen et al. 2006).”

African Darters, vulnerable breeding birds in the Djoudj NP and Diaw!- In the 1960s, De Naurois (1969) recorded 11 species of herons
ing NP, depend on undisturbed breeding sites with fishing grounds and egrets, which were reconfirmed by Voisin (1983). Cattle Egret,
nearby. Great Egret, Black-crowned Night Heron and Squacco Heron were

by far the most numerous species in those days, ranging from sev-

Table 11 Numbers of colonial waterbirds in the Senegal Delta (Djoudj NP, Diawling NP and other sites
combined) in the 1961-1965 period (de Naurois 1969),1979-1981 (Voisin 1983 and 1987-1993 (Rodwell et
al.1996,). Recent data from the Djoudj NP are lacking; for the Diawling NP see Table 10. The location of
the colonies is given in Fig. 78.

Key: breeding pairs; + = a few to tens, ++ = hundreds, +++ = thousands.

Period 1961-1965 1979-1981 1987-1993
African Darter 400-500 > 60 ++
Long-tailed Cormorant >600 (>1500)! >12002 50— 250
Great Cormorant >10 ? 660
Great White Pelican 1500-2000° 8500° +++
Pink-backed Pelican c.10
Grey Heron + + -
Purple Heron 50 + + Notes:
Black-crowned Night Heron >>500 >>50 >1375° " Morel (1968) reports breeding colonies
Squacco Heron >>500 >>190 230° near Rosso in 1964 with 1500 breeding
Western Reef Egret black 525 ? . pairs of Long-tailed Cormorant, 480
Black Heron 395 N N Great Egret and 300 Intermediate Egret.

2Roux (1974) mentioned 3000 pairs for
Cattle Egret >1500 >800 1960° . .

the Djoud]j NP.

Little Egret >°0 + »800° ® Breeding in the Aftout es Saheli (de
Intermediate Egret >100 (>300)' >45 + Naurois 1969b); in 1972 1500 pairs at-
Great Egret >250 (>480)' >600 1450° tempted to breed in the Djoudj NP and
Green-backed Heron N N N in 1976 2000 pairs bred successfully in
Yellow-billed Stork 50? >30 >>20 the park (Roux 1974).

¢ Counted in 1982 in the Djoudj (Data
African spoonbil >100 >°0 * from: BirdLife International 2008, no
Sacred Ibis >125 26 + primary source mentioned).
Total estimate >> 6500 >>12000 ? ° Based on figures mentioned by Kushlan

& Hafner (2000) for November 1988.
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In the Senegal Delta the value of shallow, brackish lakes, such as Grand Lac and Lac du Khar in the Djoudj NP and the Bell basin in the Diawling NP,
depends largely on their protection of waterbirds from exploitation by man.

eral hundred to a few thousand breeding pairs. Apart from species
that occurred in low numbers (insufficient information), other spe-
cies seem to have increased by the end of the 1980s (figures from
November 1988, Kushlan & Hafner 2000; Table 11). This increase
may be attributed to protection measures. We lack delta-wide esti-
mates for the 2000s, although some species resettled in the Diawl-
ing (Table 10). Most heron and egret species were still breeding in
the Djoudj in the mid-2000s, except Black Heron and Western Reef
Egret (Triplet et al. 2006); the status of Purple Heron is uncertain.
The Black-crowned Night Heron bred in considerable numbers
in the Djoudj in 1988, as recorded by Rodwell et al. (1996) for 1985
and 1987 (‘several hundred nests’ for the heronries at Poste de Croc-
odile and Lac du Khar in the Djoudj NP). The population of Squacco
Heron was never found to exceed some 500 pairs. Little Egret and
Great Egret are increasing in the Senegal Delta, the latter especially
in the Diawling. Cattle Egret bred with a few thousand pairs in the
Djoudj by the end of the 1980s (Kushlan & Hafner 2000). Morel &
Morel (1990) noted numerous colonies in the Senegal Delta, but
many were destroyed or otherwise disappeared (see above).
Breeding numbers of storks, ibises and spoonbills are small, as
theywere in the 1960s. Yellow-billed Stork has been recorded breed-
ing in the Djoudj in small numbers only, but in January of 2002 to
2004, between 100 and 450 non-breeding birds resided in the Djoud;
(data from: P. Triplet and V. Schricke). Sacred Ibis numbers dipped
in the 1980s and 1990s; the recovery in the 2000s can be attributed
largely to the increase in the Diawling. The population increase of

African Spoonbill in the Diawling zone must originate from colo-
nies elsewhere in West Africa; numbers in the past rarely exceeded
50-100 breeding pairs. Although seen regularly in the past (Rodwell
etal. 1996), and recorded breeding in December 1981 (Dupuy 1982),
observations of Marabou Stork are lacking for the past decades (Tri-
plet et al. 2006, P. Triplet in litt.); the species is mentioned incor-
rectly as a recent breeding bird by Groppali (2006).

The Great White Pelican holds a prominent position in the Sen-
egal Delta. Along the West African coast it is found breeding only in
Mauritania (up to 3800 pairs in 1997; Isenmann 2006) and Senegal
(Veen et al. 2006). The birds breeding in the Djoudj probably origi-
nate from the Aftout es Saheli (de Naurois 1969). Irregular breeding
in the Aftout still occurs (Peeters 2003, Diagana et al. 2006), as was
the case in the Diawling in 1995 and 1999 (Hamerlynck & Duvail
2003). Great White Pelicans in the Djoudj settled in 1976 (I.S. Sylla
pers. com.). The colony has been estimated at 8500 pairs in the
1980s (Table 11) and comprised in the order of 4000-5000 pairs from
2000 to 2008 (P. Triplet in litt., 1. Ndiaye in [itt.). Also, a small number
of Pink-backed Pelicans uses the breeding site. After the breeding
season, the total population of Great White Pelicans in the Senegal
Delta during the January counts is on average 22 500 (1999-2004; Ta-
ble 12). Pelicans use the Djoudj and Diawling as a single feeding
unit, judging from the flights back and forth. Since the reflooding of
the Diawling, the number of pelicans using these basins has in-
creased significantly (Diawara & Diagana 2006), reflecting the ap-
parent improvement of feeding conditions.
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1972 1973 1974 1975 1976 1979 1983 1984 1985
Great White Pelican 8500 6580 4997 18904 8000 5380 10 35
Pinked-backed Pelican 270
Glossy Ibis 1150 346 92 200 40 1090 145
White-faced W. Duck 43000 1781 6800 54312 27000 13195 1970 2100 600
Fulvous Whistling Duck 400 754 100 6430 5000 2800 2410 100 400
African Pygmy Goose 4
Knob-billed Duck 650 872 544 4580 1020 2050 2 30 62
Spur-winged Goose 170 480 256 8514 4205 1378 1575 296 254
Egyptian Goose 250 1798 24 678 40 70 175 210 5
Northern Pintail 55000 na7ne 90900 217675 78500 26930 110 700 3908
Garganey 135000 35000 86400 239977 120250 67570 9050 2800 17215
Northern Shoveler 2300 8000 2700 31840 7250 6040 16200 3800 2400
Black-crowned Crane 280 741 17 1 4
Black-tailed Godwit 10500 23888 200 5600 7990 100 3000
Ruff 500000 343960 20050 18450 5000 850 37000 500 80000
1995 1996 1997 1998 1999 2000 2001 2002 2003
Great White Pelican 4536 10193 3349 10320 18251 20961 28368 18335 8888
Pinked-backed Pelican 87 23 161 127
Glossy Ibis 42 430 305 427 397 512 177 146 467
White-faced W. Duck 21530 12160 32273 36890 25204 51090 83207 51147 120683
Fulvous W. Duck 2458 3208 3029 1782 3612 1682 16096 3259 1995
African Pygmy Goose 8 17 78 2 39
Knob-billed Duck 41 132 1894 1675 733 1381 1529 799 1023
Spur-winged Goose 218 1598 1792 1556 130 1846 707 545 709
Egyptian Goose 270 183 126 782 779 498 256 433 563
Northern Pintail 87500 44993 53430 127608 107501 150127 133235 38266 32176
Garganey 19940 61758 153394 269144 232017 296191 150000 93424 73240
Northern Shoveler 10829 23202 18229 12821 23948 13241 18992 8862 16672
Black-crowned Crane 549 17 148 79 69 384 10 m 152
Black-tailed Godwit 2210 6944 2495 2473 4000 5000 3800 1200 1200
Ruff 124060 38150 135929 160063 88515 22910 30307 158 794

The Senegal Delta and the adjacent coastal depression of Aftout
es Saheli constitute the only West African wetlands where breeding
of Lesser Flamingos has been proven. De Naurois (1965a) was the
first to record this species as a breeding bird in this region; in July
1965 he located a colony with some 800 nests in the Aftout. Breeding
attempts of Lesser Flamingos were apparently triggered when the
depression held sufficient water, which in its turn depended on the
discharge of the Senegal River. In years with a high flood (in the
1950s and 1960s), the species may have bred regularly (de Naurois
1965a). During the Great Drought in the 1970s and 1980s suitable
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breeding conditions failed to materialise as inundations were insuf-
ficient to flood the breeding grounds. However, in 1999, when the
flood was high again, breeding was suspected in the Diawling (Ha-
merlynck & Messaoud 2000). In 2001, successful breeding was ob-
served in the Chat Tboul (Peeters 2003). Some 3200 birds, including
350 immatures, were seen the next year. Breeding has been infre-
quent, long non-breeding intervals occurring between attempts. In
most years, the staging population along the entire West African
coast does not exceed 10 000-15 000 birds (Dodman & Diagana
2003). However, in 1990 exceptionally large aggregations were seen



1986 1987 1988 1989 1990
2234
186 258
66410 43960 9015 22744 11960
30806 37760 942 1091 88
398 1910 38 38 40
1370 945 2469 1059 1518
668 729 87 224
247354 99132 39125 210000 44890
125550 183684 83417 85000 5201
8800 34236 437 15657 14185
27 119
2004 2005 2006 2007
39406 21925 22875
187
113830 91609
2937 5388
314
841
715
835 269
18778 68542 157456 177466
47314 188776 218182 41398
18560
186 146 142
1000 2500 3191 5613
3457 7078 11423

1991
12400

633
4690
500

247
140
2662
73801
77303
19130
400
332
178000

1992
9162

370
7064
213

787
380
365
72621
100990
8740
200
5501
190000

1993
4820
175
330
10492
379

477
148
388
50000
118670
11893
233
1o

192500

1994
14328
69
257
13649
1165

100
676
602
77233
128631
10024
515
4090
32072

Table 12 Midwinter (January) counts of 15
waterbird species in the Senegal Delta (exclud-
ing Aftout es Saheli and Lakes Guiers, R'kiz &
Aleg and the river valley east of Podor). Data
from: Roux 1973, 1974, Roux et al. 1976, Roux &
Jarry 1984, Schricke et al.1990,1991, Girard et
al.1991,1992, Trolliet et al. 1993, Triplet & Yésou
1994, Yésou et al. 1996, Triplet et al. 1995,1997,
Schricke et al.1998,1999, Dodman & Diagana
2003, Trolliet et al. 2007, 2008 and comple-
mented by data from the AfWC-database of
Wetlands International. The 2007 count is
published in Bull. African Bird Club 14: 223-4.

Great White Pelicans fishing in groups, an efficient

technique to chase schools of fish into shallow

water where they can be simply scooped up.
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The Eurasian Spoonbills breeding in The Netherlands, NW France and
Spain form a discrete population, which moves up and down the Atlan-
tic coast to and from wintering sites in the Banc d”Arguin (Mauritania)
and in the Senegal Delta (Mauritania/Senegal). The shallow coastal
waters provide an abundance of food throughout the year. First-winter
birds remain in West Africa for the next three or four years until they
are sexually mature. This population has little or no contact with the
central and eastern populations. Among 48 000 records of Dutch-
ringed Spoonbills, less than 1% were reported from the Mediterranean
(mostly Tunisia) (Smart et al. 2007).

in the Djoudj (45 000 to 46 500 birds), while in June 2003 36 000
Lesser Flamingos were counted in the Diawling. Given the sporadic
breeding and large fluctuation in numbers, an exchange between
the populations in West Africa and those in East and southern Afri-
ca is likely (Trolliet & Fouquet 2001).

Apart from colonial breeders, a variety of other waterbirds breeds
in the delta, including waders %, ducks, rails and terns, as well as Ara-
bian and White-bellied Bustard (Rodwell et al. 1996, Triplet et al.
2006). Another large ground-nesting bird, the Black Crowned Crane,
used to be a widespread species, with an estimated thousand birds
in the Senegal Delta. Morel & Morel (1990) mentioned a steep de-
cline from the early 1980s onward, but by 1980 the numbers already
had decreased to 200 over the entire delta (Poorter et al. 1982). Mid-
winter counts in the past decade yielded on average 152 birds (Janu-
ary 1997-2007, Table 12). In the Djoudj NP the crane population is
small, but the Mauritanian population has increased since the flood
rehabilitation in the Diawling, from 2 breeding pairs 1993 to more
than 30 in 1999 (Hamerlynck & Duvail 2003).

Wintering and migratory waterbirds From July to April, the Senegal
Delta is an important staging area for non-breeding Afrotropical and
Palearctic waterbirds. This may come as a surprise considering the
hydrological changes in past decades, and the ensuing loss of wet-
land habitats favoured by waterbirds. However, alternative wetlands
in this part of the Sahel are almost non-existent, although large de-
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pressions in Mauritania (e.g. Mare de Mahmouda, R’kiz and Aleg)
may hold large concentrations of waterbirds (notably ducks and
Ruff) when conditions are favourable (van Wetten et al. 1990, Dod-
man & Diagana 2003). The abundance of waterbirds in the Senegal
Delta is a reminder of the scarcity of suitable wetlands in this part of
the Sahel. Waterbird counts in January (Table 12) do not necessarily
reflect maximum wintering numbers. Palearctic migrants may have
already started their migration (Hotker et al. 1990; Chapter 27, Black-
tailed Godwit), and many Afrotropical waterbirds may have left the
area in response to the gradual desiccation of flooded areas.

irrigated rice fields
[ floodplains

Purple Heron
Squacco Heron
Cattle Egret

Little Egret

Great Egret
Black-winged Stilt
Spur-winged Lapwing
Common Ringed Plover
Little Stint

Curlew Sandpiper
Wood Sandpiper
Common Sandpiper
Ruff

Common Greenshank
Marsh Sandpiper
Yellow Wagtail

Sedge Warbler
Crested Lark

bird per ha

Fig. 79 Densities of selected waterbird species in rice fields (113 plots)
and restored floodplains (36 plots in Djoudj and Diawling) in the Sen-
egal Delta in February and December 2005.



Large concentrations of Palearctic ducks, in particular Garganey, Pintails and Shovelers, and Afrotropical ducks, mostly White-faced and Fulvous Whis-
tling Ducks, use the Djoudj NP as a resting place during daytime. After sunset, the birds disperse to feeding sites in the wider surroundings, including

rice fields.

Aerial counts, complemented by ground surveys from 1989 on-
wards (Box 10), concentrated on gregarious and large species (Table
12). The smaller, secretive or thinly distributed bird species were
covered by 149 density counts in February and December 2005 (Fig.
79), a small sample compared with the Inner Niger Delta (Chapter 6,
also for methods). Densities of waterbirds on restored floodplains
were much higher than onrice fields, and diversity was greater. This
outcome complies with the findings in the Inner Niger Delta
(Wymenga et al. 2005, van der Kamp et al. 2005a). Most herons,
egrets, waders and marshland passerines are abundant in natural
habitats, and much scarcer in rice fields (as found elsewhere in
West Africa, Chapter 11; Bos et al. 2006). Exceptions are Cattle Egret,
Yellow Wagtail, Ruff and Squacco Heron.

The Senegal Delta is an important wintering site for Black-
crowned Night Herons. High counts in January included 5300 birds
in 1993 (Trolliet et al. 1993), 5208 in 1997 (Triplet et al. 1997) and
7610 in 2002 (P. Triplet & V. Schricke pers. comm.). The proportion
of Palearctic birds is unknown, but may have increased in the 2000s
given an increase in the European breeding population (Chapter
17). Grey Heron and Purple Heron are encountered mostly along

watercourses and in shallow marshlands, averaging 0.25 Grey Her-
ons and 0.13 Purple Herons per hectare (Fig 79). In December and
January the delta offers 12 000-18 000 ha of suitable brackish marsh-
es ?, indicating wintering populations of at least 3000-4500 and
1560-2300 birds respectively. These estimates are conservative, be-
cause both species also occur in vegetated water bodies and along
watercourses throughout the delta. The same holds for Little Egret,
estimated at >4000-6000 birds including local breeding birds.

The Cattle Egret is the typical heron of rice fields (Morel & Morel
1990). In 1985, Mullié et al. (1989) counted on average 3.3 birds/ha
in a sample of 21 rice fields. In February and December 2005, we
arrived at an average of 2.64 birds/ha (113 plots, SE = 0.70; n = 96,
excluding seedbeds (only a few plots) and abandoned cultivated
land (hardly any birds)). Given a surface area of >30 000 ha of rice
fields annually under exploitation in the delta, the post-breeding
population could comprise up to 55 000 birds.

Small numbers of Glossy Ibis (on average 309 birds annually in
1994-2004), Black Stork (35, 1990-1998) and White Stork (34, 1994-
2004; sources in Table 12) inhabit the more or less natural habitats
of the delta in midwinter, notably in depressions (Ndiaél), shallow
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Patchy Cattail habitat, interspersed with temporary mudflats and pools with open water and water lilies, hosts an array of bird species (particularly

waders and ducks), contrasting markedly with the scarcity of birds in homogeneous Cattail stands.

lakes and Sporobolus and Scirpus marshes. The status of the Great
Bittern is difficult to assess, but it may be a common Palearctic win-
ter visitor in wet grassy marshes around Grand Lac; Flade (2008) fre-
quently flushed them from shallow ponds during fieldwork in Janu-
ary and February 2007, and estimated the wintering population ten-
tatively at tens or even hundreds. This would make the Senegal Delta
second to the Inner Niger Delta as a primary wintering site in West
Africa.

The Palearctic fauna is well represented by ducks, especially Pin-
tail and Garganey, and to a lesser extent Shoveler. In the 2000s, Pin-
tail and Garganey numbered up to 200 000 and 150 000 birds re-
spectively (Table 12), which means that the Senegal Delta harbours
a substantial part of the West Palearctic breeding population (De-
lany & Scott 2006). Numbers were much smaller during the Great
Drought (notably 1973, 1984, 1985), but both species recovered
when rainfall improved again. Palearctic ducks roost in daytime in
open, shallow and brackish waters in the Djoudj NP (Grand Lac,
Lac du Khar) and, since the reflooding in 1994, also in the Bell and
Diawling basins. About 90% of the Palearctic ducks once congre-
gated in the Djoudj NP, but the restoration of the Diawling caused a
redistribution in favour of the latter (Triplet & Yésou 2000). Also,
the northern part of Ndiaél and Trois Marigots may function as
roost and feeding site.

Afrotropical ducks are represented mainly by White-faced Whis-
tling Ducks (Trolliet et al. 2003), showing an increase from tens of
thousands to >100 000 over the years (Table 12). Fulvous Whistling
Duck is less abundant, totals in January normally being of the order
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of 1500-3000 birds. Other Afrotropical ducks and geese occur in
much smaller numbers (Table 12).

Along with ducks, waders are widely distributed and numerous
across the Senegal Delta. Until the late 1990s, Ruff numbers during
midwinter ranged up to 190 000 (on average 126 000 in the 1990s;
Table 12), but since then have been considerably lower (11 000, on
average, in the 2000s). Similarly, the Black-tailed Godwit has much
declined from tens of thousands in the 1960s and 1970s to only
1000-5000 birds remaining in the 2000s (Chapter 27). Black-tailed
Godwit and Ruffs were mostly counted when they commuted be-
tween the rice fields and the large wetlands (Djoudj NP, Ndiael) for
drinking and resting. Apart from population changes (Chapter 27),
the observed declines over the past decade (1997-2007) may be
linked to changes in the way rice is harvested (P. Triplet, V. Schricke
in litt). Triplet & Yésou (1998) reviewed the occurrence of waders in
the Senegal Delta in mid-winter. Next to Ruff and Godwits other
wader species with relatively high numbers are Black-winged Stilt
(313-1137), Avocet (1342-4940), Kentish Plover (1624), Little Stint
(5000-10 000), Curlew Sandpiper (2000-4000) and Spotted Redshank
(1200). In the estuarine part of the delta (Gandiol and Ntiallakh ba-
sin, downstream Diama), various waders from marine coastal areas
are present (e.g. Grey Plover, Bar-tailed Godwit, Red Knot and Whim-
brel). As a result of the recent breach south of Saint-Louis, both wad-
er numbers and species composition are changing (Triplet &
Schricke 2008; see above).

In the open shallow floodplains, some wader species may reach
high densities, like Little Stint (4.50 birds/ha), Curlew Sandpiper



(1.56 birds/ha) and Wood Sandpiper (1.21 birds/ha). Conservatively
estimating the surface area of these habitats at 7500 - 11 000 ha *°,
total numbers would then range between ¢. 10 000 (Curlew Sandpiper
and Wood Sandpiper) and 50 000 birds (Little Stint), which is one or
two orders of magnitude higher than assessed in the delta during
mid-winter counts (Triplet & Schricke 1998, 2008).

The variegated ecosystem of brackish marshes, vegetated plains
and rice fields attracts a plethora of wetland-related Palearctic birds
other than ducks and waders, some omnipresent, others, such as Lit-
tle Crake and Baillon’s Crake, living a secret life in dense vegetation
beyond the sight of birders. Apparently they are not uncommon in
the delta marshland (Morel & Morel 1990, Triplet et al. 2006), but
habitat choice and numbers were anybody’s guess, until in 2007 the
use of cage traps serendipitously uncovered the presence of Baillon’s
Crake in wet Scirpus/Sporobolus marshes (Flade 2008), presumably in
large numbers. The intention had been to trap ground-dwelling pas-

captures (100% = 25)

Vitelline Masked Weaver

River Prinia Black Crake
Subalpine Sedge Warbler
Warbler

European
Reed Warbler

African Reed
Warbler

transect counts (100% = 347)

African Jacana
Little Bee-eater
Yellow Wagtail

others
Winding Cisticola
Sedge Warbler

River/Tawny-
flanked Prinia

Common
Chiffchaff

African Reed

Subalpine Wertaler

Warbler

Fig. 80 Pie chartillustrating the bird species composition in Cattail
vegetation, based on captures and transects. Birds associated with
Tamarisks in the border zones are excluded. From: Bruinzeel et al. (2006).

serines, but the five trapping sites (each with 15 traps) in Scirpus/Spo-
robulus yielded 1-4 Baillon’s Crakes. If we assume a density of 1 bird/
ha in Scirpus marshes, and that this habitat type occupies a surface
area of 12000-18000 ha in the Senegal Delta, we can theoretically ac-
count for the larger part of the European population wintering here
(Flade 2008). Little Crake, on the other hand, was captured in smaller
numbers, but in contrast to Baillon’s Crake, also inhabited Cattail
vegetation as one of the few Palearctic species to occupy it.

Harriers are among the most widespread raptors in the Senegal
Delta. In the winter of 1992/1993 Arroyo & King (1995) found two
major roosting sites of Eurasian Marsh Harriers (each holding 300-
350 birds, some 4 km apart), and 3-5 smaller roosts (<100 birds)
within the same area. All roosts were located in dry rice fields, where
dense rice plants were some 80 cm high. The wintering population
must have exceeded 1000 birds, given the average density of >10.6
birds per km? for the area visited (94 km?, including part of the
Djoudj NP and surroundings). Only 15% of 131 aged birds were adult
males. More recently, a census along the Senegal from Débi towards
Rosso produced >130 birds leaving a single roost (14 December
2005), and several dozens hunting in other parts of the delta be-
tween 11 and 17 December 2005 (obs. I Ndiaye, D.Kuijper & E.
Wymenga). A census in the rice field complex near Rosso on the
same date yielded 2.6 birds per km?2. Arroyo & King (1993) found that
Marsh Harriers spent about as much time over marshland as over
rice fields when excluding roosts and pre-roost gatherings. Data on
fluctuations in wintering numbers are lacking, but it can be as-
sumed that the population increase in Europe would be reflected by
a steady increase in the Senegal Delta (although not to the same ex-
tent, given the increasing numbers wintering in southern Europe;
Chapter 25). Such a trend contrasts with that of Montagu’s Harrier,
whose numbers in the Senegal Delta may have dropped in past dec-
ades, with steep variations between years on top of that. Referring to
the 1950s and early 1960s, Morel & Roux (1966a) considered the

number caught / 1000 min/m

0 T ——— = —
0 10 20 30 40
distance frome edge (m)

Fig. 81 African Reed Warblers were recorded within some 20 m of
edges of Cattail stands; the vast uninterrupted Cattail beds lacked any
warblers away from the edges. From: Bruinzeel et al. (2006).

Senegal Delta 133



Montagu’s Harrier ‘very common’ in the Senegal Delta, with ‘very
large numbers’ near Richard Toll. Actual estimates ranged from
200-250 in 1988/1989 (Cormier & Baillon 1991) to 150 in 1992/1993
(Arroyo & King 1995); a single roost east of Débi held 160 birds on 15
February 1992 (Rodwell et al. 1996). These numbers are rather small
compared with single-roost counts of 1000 birds between M’Bour
and Joal south of Dakar in 1998/1989 (Cormier & Baillon 1991), and
of 1300 birds near Darou Khoudoss, some 80 km NE of Dakar, on 2
February 2008 (Chapter 26).

The vegetated floodplains and higher levees in the Djoudj NP and
Diawling NP that have tall grasses and bushes (especially Salvadora
persica) are important wintering sites for a range of Palearctic passer-
ines (Morel & Roux 1966b, Beecroft 1991, Morel & Morel 1990, Flade
2008). The Yellow Wagtail is among the most abundant Palearctic
passerines here, reaching densities in excess of 5 birds/ha. In the
combined surface area of 70 000 ha of floodplains and abandoned
rice fields, the population may exceed hundreds of thousand
of birds, which is in accordance with records of single roosts of
100 000-250 000 birds in November 1991 and December 1992 (Rod-
well et al. 1996), and the estimate of 50000-200000 in Scirpus marshes
in January to February 2007 (Flade 2008). Similarly, Sand Martin
roosts are known to number up to 2 million birds (Rodwell et al.
1996), and this order of magnitude was found to forage over the flood-
plains of Grand Lac in January to February 2007 (Flade 2008). The
Senegal Delta also harbours significant numbers not only of Blue-
throat, Grasshopper Warbler, Savi’s Warbler, Sedge Warbler, and Eu-
ropean Reed Warbler, based on density counts (Fig. 79) and trapping
(Beecroft 1991, Flade 2008), but also of Aquatic Warblers (Box 11).

The vast Cattail marshes in the delta form an important habitat
for insects, (small) fish and, potentially, for birds. In Europe and
North America, where many natural marshes have been drained,

[ estuarine and (restored) floodplain habitats
[ reservoir and lakes

[ cultivated area

[ dry and saline habitats, disconnected

<1960

ca. 1980

ca. 1990

2000-2005

percentage

Fig. 82 Relative presence of four major habitat types in the Senegal
Delta (3400 km?), based on Fig. 67. Note that the maximum potential
flood extent is indicated of estuarine and floodplain habitats, but that
the actual inundation depends on annual flood performance (Fig 73).
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Reed and Cattail marshes offer alternative habitat for a wide range
of marshland fauna. Up till recently, little was known about avian
biodiversity in West African Cattail vegetations. Dense stands of in-
vasive plants are assumed to reduce both plant and animal diversity
(Zedler & Kercher 2004, Frieze et al. 2001). For the Senegal Delta,
Peeters (2003) mentions Cattail vegetation as feeding habitat for
herons, rails and passerines, and as roosting site for Sand Martin
and Yellow Wagtail.

An exploratory study in February 2005 in the Djoudj and Diama
Basin showed that dense Cattail harbours few birds in comparison
with other freshwater habitats in the Senegal Delta (Bruinzeel et al.
2006). For example, patchy Cattail habitat interspersed with tempo-
rary mudflats and pools with open water and water lilies, host an
array of species (particularly waders and ducks) that are not present
in dense and monospecific Cattail stands. Bird species composition
in dense Cattail stands in the Senegal Delta is limited, as observed
by mistnetting and transect counts (Fig. 80). Bird densities are high-
est along the edges (Fig. 81). In dense Cattail stands, African Reed
Warblers were only caught within about 20 m of the edges; addition-
al observations failed to reveal the presence of other bird species. In
January to February 2007, the Aquatic Warbler Conservation Team
sampled dense Cattail stands on a much larger scale (Flade 2008)
and they also found low densities. However, their results indicated
that Cattail vegetation may be of substantial importance for Euro-
pean Reed Warbler, Great Reed Warbler and Little Crake.

Impact of large-scale habitat changes Many studies have tried to elu-
cidate the impact on waterbirds of habitat changes in the delta (Lar-
tiges & Triplet 1988, Tréca 1992, Triplet et al. 1995, Triplet & Yésou
2000). Since the 1960s, c. 90% of the original floodplain was em-
banked and cultivated, resulting in a major change to habitat com-
position and proportion (Fig. 82), but few were straightforward,
however. For example: (1) Flood extent varies annually, low flood lev-
els resulting in proportionately larger parts of the estuary and the
natural floodplains remaining dry. (2) A substantial part of the culti-
vated area was abandoned and became either dry and saline or Cat-
tail-dominated wetland. (3) After local rainfall or when drainage
basins for irrigated fields appear, small wetlands may be formed
that are independent of river discharge.

From the habitat changes depicted in Fig. 82, concomitant chang-
es in bird numbers seem inevitable. Counts of staging waterbirds in
the 1950s and 1960s (Roux 1959b, de Naurois 1965a, 1969, Morel &
Roux 1966a&b, Roux & Morel 1966) indeed suggest that many water-
bird species were (much) more numerous than in the 1990s and sub-
sequently. However, the declining numbers of waterbirds in the in-
tervening period cannot be attributed unequivocally to habitat
changes. Many more factors have played a dominant role in the (wid-
er) Senegal Delta, often operating in concert, and still do so:

1. The 1950s and 1960s were characterised by high floods of the

Senegal River (Fig. 15), in itself a major determinant of waterbird

numbers;



Box 11

Aquatic Warblers in
the Djoudj and the
Inner Niger Delta

In 2007, the Djoudj NP was found to be a (or the?) core wintering
area for the Aquatic Warbler (Flade 2008). In the Djoud], the species
favoured ungrazed floodplain habitat dominated by Scirpus sp. and
Sporobolus sp. The absence of livestock grazing is crucial for grass-
lands remaining suitable for wintering Aquatic Warblers. For exam-
ple, the extensive floodplains of the Inner Niger Delta, as speculated
by Schaffer et al. (2006) possibly to be of greater importance than
the Djoudj as a wintering site for this species, are probably unsuit-
able in the main: during flood recession, livestock in their millions
strip the available vegetation and turn the Inner Niger Delta into a
dry ‘wasteland’. Despite annual fieldwork throughout the Inner Ni-
ger Delta, especially in the surroundings of the central lakes, since
1991 (Fig. 48), we recorded Aquatic Warbler just once during density
counts in 1191 plots, i.e. on 22 January 2005 near Akka (R.G. Bijlsma
& W.van Manen, unpubl.). This site was 100% flooded (up to 20 cm
deep) at that time, overgrown with didere Vossia cuspidata and poro
Aeschynomene nilotica (height 10-25 cm, density 70%) and even then
already being grazed by cows. This observation can be interpreted
in several ways. If representative of bourgoutiéere (floating grass), it
would make for an average density of 1 Aquatic Warbler/km? (Table
8, Chapter 6). Bourgoutiere covers about 1540 km? in the Inner Niger
Delta, which might theoretically translate into some 1500 Aquatic
Warblers. However, as a foraging habitat bourgoutiere is available
for only a short period of time during flood recession, and Aquatic
Warbler would have to be a habitat generalist to account for the
successive removal of vegetation types by herbivores. However,
the Senegal observations do not suggest that its habitat choice is

catholic, but quite the contrary. It is therefore more likely that the

An Aquatic Warbler in one of its main breeding areas:

the Sporava fen mire in Belarus.

record of the lone Aquatic Warbler in the Inner Niger Delta was but
a chance observation, rather than indicating that we had found an-
other important wintering site in the Sahel. Flade (2008) estimated
the wintering population in the Senegal Delta at several thousand
birds, which would comprise the major part of the breeding popula-
tion in Poland, Ukraine and Belarus.

Extensive Sporobolus floodplains in the Djoudj NP, December 2006. This seemingly homogeneous vegetation turned out to be of vital impor-

tance for wintering Aquatic Warblers and Eurasian crakes.
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African Spoonbills, not to be confused with balsaci Eurasian Spoonbills (which, by the way, are not Eurasian but African breeding birds confined to

Mauritania), mingle in the Senegal Delta with Eurasian Spoonbills (in fact, NW and SW European breeding birds) in the Senegal Delta.

2. The GreatDroughtinthe 1970sand 1980s caused steep population
declines in many Sahelian-dependent (water)birds, independent
of human-induced habitat changes in the wintering areas;

3. Breeding populations of several Palearctic migrants were much
larger in the mid-20™ century, as for Black-tailed Godwit (Chapter
28). However, the reverse may apply to certain species with much
smaller breeding populations, thus accounting for changing
numbers in Eurasian Spoonbill (Box 26), Eurasian Marsh Harrier
(Chapter 25) and Osprey (Chapter 24);

4. Loss of one habitat type (such as natural floodplain and estuary)
was countered partly by species switching to newly created
habitats (e.g. rice cultivation; Tréca 1994 for Ruff);

5. Artificial reflooding partly nullified the negative impact of
floodplain loss (see above), while restoration of wetlands in
southern Mauritania boosted waterbird numbers (Table 10);

6. The designation of Natural Parks (Djoudj in 1971, Diawling in
1994) created safe breeding and roosting sites, removed livestock
grazing and improved protection.

This amalgamation of factors may account for the Senegal Delta
continuing to host a wide diversity of birds and in large numbers,
despite the substantial human-induced changes it has suffered. For
example, Triplet & Yésou (2000) failed to find obvious trends in the
presence of ducks between 1972-1996, except for a decline in Knob-
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billed Duck and an increase in Shoveler. Overall, numbers of Pale-
arctic and Afrotropical ducks showed large annual fluctuations,
largely related to feeding conditions relative to rainfall and flooding
(in 1972-1976; Roux et al. 1977) and to shifts to other Sahelian wet-
lands (Mauritanian lakes Mal, Aleg and R’kiz). Several duck species
have profited from the cultivation of rice in the former floodplain,
though mostly in poorly-maintained fields (Tréca 1975, 1977, 1981,
1988, 1992). The combined effect of the changes does not balance
out for all species, however. Densities of Wood Sandpiper, for exam-
ple, average 1.21 birds/ha in restored floodplain habitats but next to
zero in rice fields (Fig. 79). If we take the surface areas from Fig. 82,
and assume the recorded densities (+ SE) are representative (which,
over the years, is probably not the case), Wood Sandpipers would
have numbered 106 000 (+ 45 000) before effective flood control, but
only 13600 (+ 7550) from 2000 to 2005, a reduction of 88%. A similar
calculation for the Purple Heron yields numbers of 11 400 (+ 7040)
in the 1960s and 1740 (+ 1190) in the 2000-2005 period. Across the
delta, densities are not uniform, being dependent on water depth
and vegetation cover (Chapter 6). The high standard errors clearly
show the need for more density counts (across more habitat types),
amore accurate habitat map and detailed information on water lev-
els to substantiate the calculations.



Conclusions

Estuarine floodplains like the Senegal Delta are scarce, in Africa and
elsewhere in the world. In West Africa, the Senegal Delta is unique
in its combination of riverine floodplains and estuarine habitats.
The flat landscape, rich soils and presence of fresh water led to its
conversion into irrigated farmland where natural flooding is kept at
bay with dikes and dams. The associated degradation and loss of
floodplains (-90% between 1950 and 2005) affected biodiversity, fish
production and grazing grounds adversely. Reduced flood dynamics
and the prevention of salt water intrusion created niches for inva-
sive plant species that reduced the biodiversity even further. The
Great Drought in the 1970s and 1980s eclipsed these large-scale
changes. When rainfall increased again in the 1990s, a full, delta-
wide recovery of bird populations was thwarted by the extent of cul-
tivation and by embankments constructed in previous decades.
However, the overall changes in waterbird numbers since the 1950s
have been smaller than anticipated from the large-scale habitat
changes since that time. The gradual improvement in numbers,
starting in the 1990s after drought- and habitat-induced losses of
the 1970s and 1980s, coincided with recoveries both of rainfall and
flooding.

The Senegal Delta still is of paramount importance to waterbirds.
The key to the rich avian biodiversity of the Senegal Delta is the pres-
ence of protected areas (c. 10% of the delta is National Park or Na-
ture Reserve). These areas offer safe breeding, feeding and roosting
sites for a multitude of waterbirds and other fauna. The protection
of wetlands also prevents overexploitation by livestock grazing.
Hunting is prohibited in protected areas, but duck hunting at dawn
and dusk along the fringes of the National Parks partly circumvents
protection and causes disturbance.

New threats to the Senegal Delta are in the making, and existing
ones may become larger. Until 2005, the water regime in the Manan-
tali reservoir had been fine-tuned in favour of flood recession agri-
culture in the river valley. The mounting demand for energy may re-
sult in increased water retention in the reservoir, which would limit
the ability of the flood control system to provide ideal flood dynam-
ics. A continued spread of Cattail, with its associated problems, is
expected. However, the successful restoration of the Diawling shows
the potential resilience of Sahelian floodplains, a characteristic that
should serve well in future rehabilitation of the lost floodplains of
the abandoned rice fields and of the former wetlands at Ndiaél and
Trois Marigots.

Endnotes

1

According to Fall et al. (2004) the cattails in West African floodplains consist
mainly of Typha domingensis, and to a lesser extent of the broader-leafed Typha
latifolia. Others mention T. australis as the main species (Pieterse et al. 2003).
T. domingensis and T. australis are similar-looking, small-leafed species occupy-
ing the same habitats. Durand & Levéque (1983) and Hepper (1968; Flora of West
Tropical Africa) use T. australis, which is also followed in this book.

Crousse et al. (1991) mention a potential surface area for irrigation of 375 000 ha,
while others use different figures (DeGeorges & Reilly 2006): 255 000 ha by GFCC
(1980) and 355 000 ha by Bosshard (1999).

Note that this is 200 km? larger than the size mentioned by Voisin (1983) and
Triplet & Yésou (2000); these differences are due to a varying surface area of dry
areas being included.

The maximum flooded area was digitized using “quicklooks” of the high flood
of 1999, date 26-09-1999 (source: http://glovis.usgs.gov/). The floodplains in the
middle valley have a different character, because they have a shorter flood dura-
tion and have been cultivated for a long time.

In botanical literature, the genus Scirpus is named alternatively Bolboschoenus.
The mixed breeding colonies in the Djoudj in the 1980s and early 1990s were situ-
ated in Tamarisk bushes around the larger streams and lakes: Marigot du Djoud,
Grand Mirador (small cormorant sites), Canal de Crocodile and Lac du Khar (Rod-
well et al. 1996). In recent years (2005-2008), the breeding colonies of herons,
egrets and cormorants along Canal du Crocodile are still present, but breeding is
not confirmed in the central part of the NP (pers. comm. I. Ndiaye). The breeding
site of pelicans is on a small islet at the end of Marigot the Djoudj, a site subject
to heavy erosion (Diop & Triplet 2006, pers. com. .S. Sylla).

The breeding numbers of Long-tailed Cormorants on the Banc d’Arguin were: 2460
pairs in 1997,2883 in 1998, 893 in 1999 and >622 in 2004 (Veen et al. 2006).

In 2004 the Black-winged Stilt was recorded breeding for the first time in the
Mauritanian Senegal Delta (two pairs, pers. comm. Z. E. Ould Sidaty). In July 2006
it was recorded breeding on the Senegalese side of the river,and also in the Diaw!-
ing. Two adults defended two fledglings feeding in a salty pool at the Djoudj’s
entrance (obs. I. Ndiaye, I. Diop, J. van der Kamp). Ten days later all birds had dis-
appeared. In early August three nests with freshly laid eggs were found in the
freshwater basins of the Diawling (obs. Z. E. Ould Sidaty, J. van der Kamp). Nesting
here had apparently been triggered by the water inflow that started on July 1.
The total surface area of floodplain habitats in the delta, largely comprising the re-
stored habitats in the Djoudj NP and Diawling NP, covers 34 000 ha (based on Fig.
76). For calculating densities of waders and herons, dry areas and (deeper) open
water (lakes in the Djoudj NP and large basins in the Diawling NP) have to be
subtracted. The remaining surface area of vegetated floodplain habitats (brack-
ish marshes) is 21 000 ha. If we add open and mixed cattail-vegetation (where
we recorded numerous birds during our field work, for example in the Ndiaél in
December 2005) the total area amounts to 24 000 ha. This area gradually dries
out in the dry season to become unsuitable for waterbirds. We estimate that in
December-January 50-75% of this area still holds enough water to be suitable as
foraging area, some 12 000-18 000 ha. Density counts (Fig. 79) were performed in
these habitats.

Waders forage in more or less open, shallow water bodies in the delta, while rising
marshland habitats and cultivated fields are largely avoided (except for Ruff; Fig.
79).The surface area of these suitable habitats in the delta totals up to 15 000
ha, excluding estuarine habitats. In December-January 50-75% of this area
(some 7500- 11000 ha) still functions as foraging area (damp conditions or shal-

low water), but these habitat rapidly dry out later in the season.
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Hadejia-Nguru
floodplains

Hadejia-Nguru is famous, not so much among ecologists or conservationists, but among socio-economists. It fig-
ured prominently in an extensive study on the hidden,economic values of wetlands.The costly irrigation schemes,
made possible by construction of upstream dams, have been computed as economically just feasible: its net value
amounted to 20-31%/ha of irrigated land, or 0.03-0.04 $ per million litres of water. This calculation was inaccurate,
however, because it disregarded the reduction of the river flow and the consequent loss of income for fishermen,
farmers and other people living downstream. Barbier & Thompson (1998) concluded that “the increased irrigation
benefits can only partially replace the lost agricultural, fishing and fuelwood values from reductions in floodplain
downstream”and therefore “further expansion of large-scale irrigation should be avoided”. However, the political
reality is that “the focus on birds that constitutes one element of the HNWCP (Hadejia-Nguru Wetland Conserva-
tion Project) has proven an important stick to beat almost any project set up in the region. Typically, Government
officials accuse externally funded programmes of being interested only in European birds and not in the welfare
of resident populations. Such dogma has no empirical support from the published and grey literature emerging

”

from these projects but as political rhetoric it plays extremely well to a Nigerian audience”.
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Hydrology

The Hadejia-Nguru floodplains are situated in the Komadugu-Yobe
Basin in NE Nigeria, along the fringes of the Hadejia and Jama’are
rivers (Fig. 83). The rivers rise on the Jos plateau and the hills around
Kano. In 1960-2000, the annual rainfall in the catchment area varied
between 250 and 850 mm. The rivers are seasonal, with little flow
in the dry season between October and May. Depending on rainfall,
the floodwater level rises between 3 and 5 m from early July to mid
September, followed by gradual decline from October to February.
The maximal extent of flooding in September once was as much
as 2500-3000 km? in the wet 1960s and early 1970s, but declined
to 700-1000 km? thereafter, only 300 km? being flooded in the dry
disaster year of 1984 (Fig. 84). The annual extent of the Hadejia-
Nguru floodplains varies in synchrony with the flooding of the Inner
Niger Delta. *

Upstream of the Hadejia-Nguru floodplains, there are 20 dams,
of which in the Upper Hadejia River two that are large. The Tiga dam
(1974) was constructed to provide water to the city of Kano and to
source the Kano River Irrigation Project (670 km? planned, of which
by 2000, 140 km?* had been completed). The Challawa Gorge Dam
(1992) was built to facilitate irrigation 200 km downstream in the
Hadejia Valley (125 km? planned, of which 75 km?* had been realised
in 2000). Both reservoirs are large compared to the natural annual
flow of the Hadejia River, even when the wet 1960s are taken as a
reference point (2.7 km?* at Wudil): the storage capacity is 1.99 km?
for the Tiga (but for safety reasons reduced to 1.43 km? in 1992)
and 0.97 km?® for the Challawa. The Tiga dam reduces the peak
flow of the Hadeija River by 30-40% (Goes 2002). As a consequence,
the Hadejia-Nguru lost 200 to 500 km? of their floodplains (Hollis
& Thompson 1993). The relative impact was highest in dry years.
In 1984, for instance, the flooded area was only 300 km? when
otherwise 600 km? would have been inundated had it not been for
the Tiga dam. The water stored in both reservoirs is partly released
in the dry period. Under natural conditions, only 2% of the annual
runoff would have passed the town Hadejia between November and
May, but this increased to 16% once the Tiga Dam was on line, and
to 32% after the Challawa Dam had been completed (Goes 2002).

At present, the Hadejia-Nguru floodplains depend largely on
the runoff of the near-natural Jama’are River, especially since the
hydrological interventions in the Upper Hadejia. The proposed
construction of the Kafin Zaki Dam, intended to facilitate a large
irrigation scheme near Katagum, will have a considerable impact
on flow of the Jama’are River.

The hydrology of the Hadejia-Nguru wetlands has changed
markedly in the aftermath of dam building. Water management
of the two newly created reservoirs reduced peak flood level, but
increased water level in the dry period. Seasonal wetlands have
become much smaller, to be replaced by permanent marshes
densely vegetated by Cattail, which caused blockage of the Hadejia
Riverin the floodplains, thus further enlarging the extent of stagnant
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Fig. 83 The Rivers Hadejia,Jama’are and Yobe in NE Nigeria with the

Challawa and Kafin Zaki dam is planned (map at top). The flood extent

of the Hadejia-Nguru floodplains is shown on map, middle, for years
with high (1974) and low river discharges (1987). From: Hollis et al.
(1993).The Google Earth satellite composite shows the same area as

the top map during peak flooding (24 September 2003). Note the parel-

lel (NE-SW) ridges of fossil sand hills between which the rivers meander,

and the dry floodplains along the Kafin Hausa, in the past normally

water-covered even in relatively dry years.
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water, increasing the flow in the direction of the city of Nguru and
reinforcing the reduction in flooding in the centre of the Hadejia-
Nguru wetlands.

The annual flow of the Yobe River at Gashua, just downstream
of the floodplains, represented 24% of the combined inflow of the
Hadejia and Nguru rivers into the marshes (Hollis & Thompson
1993). * Since the early 1990s, the amount of water entering the
floodplain through the Hadejia River alone has been insufficient to
add to the outflow, which is dependent entirely on the inflow of the
Jama’are River (Goes 2002). Without regular flooding, the ground
water table is 5-10 m lower, affecting the whole region of the Hadejia-
Nguru complex (Hollis et al. 1993). The two dams lower the ground
water table in this region by a further metre, another adverse impact
of the Tiga and Challawa dams on economic and ecological values
downstream (Acharya & Barbier 2000, Barbier 2003).

People and land use

The Hadejia-Nguru floodplains and their immediate surroundings
(5100 km?) are densely populated: in 1997, 1.22 million people,
which represents a total population density for the wetlands of
239 people/km?, and for the rural population, 168 people/km?
(Thompson & Polet 2000). By established practices, local people
reshaped the landscape, turning the wetlands into a semi-natural
habitat. Inthe 1980s, halfthe area was cultivated, the upland planted
with millet and sorghum (34.8%), the inundated zone with rice
(13.8%), and irrigated areas with wheat and vegetables (2.1%). The
area of irrigated cropland increased after the dissemination by the
State of Kano to local farmers of 70 000 portable irrigation pumps
(Hollis & Thompson 1993; Lemly et al. 2000). Rangeland grazed by
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Fig. 84 The maximum flood extent of the Hadejia-Nguru floodplains
and the Inner Niger Delta (Fig. 41). From: Barbier & Thompson (1998)
and Goes (2002).
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cattle, sheep and goats covered 21.8%. Even in the late 1980s, 27.5%
of the land comprised more or less natural habitats, i.e. permanent,
open water (2.4%) and wooded savanna (25.1%). Red acacia Acacia
seyal and buckthorn Ziziphus sp. are tolerant of some flooding, and
hence occur on the higher floodplains; other tree species, such as
Doum Palm Hyphaene thebaica, Baobab Andansonia digitata and
Tamarind Tamarindus indica, grew in the highlands. Trees in more
accessible parts of the wetlands have been removed relentlessly,
chiefly as fuel wood for the surrounding cities. In the 1980s after
the drought that had killed many trees, people began to fell also in
the Baturiya Reserve (340 km?) along the Kafin Hausa River (Adams
1993, Thomas 1996). There are still forest remnants in the central
and least accessible parts of the inundated areas.

As in other Sahelian wetlands, fishermen use gill nets, clap
nets, seine nets, baskets, fish traps and hook lines. Fish species
composition and biomass are dominated by catfish Clarias, cichlids
Tilapia, silversides Alestes and Nile Perch Lates niloticus (Neiland et
al. 2000). Captured fish are eaten fresh locally (constituting only
1% of the fish market (Thomas et al. 1993)), or stored for trade by
drying (59%), smoking (34%) or frying (6%). Captures are minimal
in July and August at 5 tonnes per day, but increase to 33 tonnes in
December-February when the fish concentrate in the last remaining
waters. The annual catch in 1989/1990 was estimated at some 6300
tonnes (Thomas et al. 1993). By the late 1980s fishermen were
complaining of declining fish stocks (Thomas et al. 1993), most
likely due to reduced flooding (Fig. 84). Despite the reduction in
flood extent, the numbers of fishermen have increased. As in the
Inner Niger Delta, higher fishing intensity produced a reduction of
the fish size and a decrease in fish variety.

Birds

Elgood et al. (1966) mentioned the presence of large numbers of
Palearctic waterbirds in the Hadejia-Nguru wetlands, but gave no
figures. Ash (1990) counted several thousand Squacco Heron at



Tens of thousands of White-faced Whistling Ducks and Garganey may be present in the Hadejia-Nguru wetlands, but only if the flood extent is large.

Whistling Ducks, nomen est omen, are highly vocal, and their sibilant 3-note whistles lend a special flavour to African wetlands, as does the honking

of geese in NW European wetlands. Whistling Ducks and Garganey are particularly vocal during nocturnal flights to and from feeding areas, an im-

pressive auditory avalanche of rushing wings, whistles and strident croakings.

Matara Nuku in November 1987. In winter, Sand Martin is common
in flocks of up to 2000 birds (Elgood et al. 1994). Since January
1988, systematic midwinter bird counts were performed for eleven
years (Table 13). The low numbers from the first few counts were
due in part to the counters’ lack of knowledge of the area. Common
species include Garganey, Northern Pintail, White-faced Whistling
Duck, Ruff and Black-tailed Godwit (Table 13). The steep decrease
of Ferruginous Duck is remarkable: 2100, 2120, 1830 and 2000

were present in January of 1969-1972 respectively (AfWC database;
Wetlands International), there were 1600 in 1988, but only few birds
remained in the late 1990s (Table 13).

The number of wintering waterbirds appears to be correlated
with the variation in flood extent, as concluded by Polet (2000).
Seasonal variations in numbers, if any during the winter period,
are not quantified, because censuses are restricted to January. It
is therefore not clear whether low numbers during a dry January

Table 13 Counts of waterbirds in the Hadejia-Nguru floodplains in January. From: Polet (2000) for geese and ducks, and AfWC-database of Wetlands

International for Glossy Ibis and waders.

1990 1996
Extent of flood (km2) ? ? 967
Knob-billed Duck 225 2784 1763 678 1330 948 1163 2196 1287 1601 563
Spur-winged Goose 143 1682 1039 2171 1448 2265 1983 7332 1479 2022 1386
Egyptian Goose 0 3 0 0 0 0 1 0 0 0 175
African Pygmy Goose n 0 17 35 16 0 3 31 6 27 8
Fulvous Whistling Duck 274 1234 1248 1160 4080 2565 197 3551 965 9510 237
White-faced Whistling Duck 1608 3279 6329 6498 5019 10888 12112 47879 28430 58613 30053
Northern Shoveler 700 324 79 175 5 0 210 5 82 84 57
Northern Pintail 13937 1745 20618 17323 20820 5950 25083 13520 12905 12565 34866
Garganey 9235 8538 22458 11812 12395 36319 13271 98689 74570 145462 147563
Ferruginous Duck 1594 15 280 150 8 0 102 17 0 2 0
Glossy Ibis 186 275 359 ? ? 425 640 446 553 2565 567
Black-tailed Godwit 1609 324 530 ? ? 150 845 615 2577 6474 357
Ruff 8529 27562 8676 ? ? 3976 11405 70940 69317 59925 47618
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1000000

@ large, colonial waterbirds
® duck & geese

® waders suggest an exodus of birds before then (to areas unknown, but

° nearby Lake Chad might be a likely candidate; Coulthard 1991), or
smaller numbers of birds being present in the first place.

When we compare the figures of the Hadejia-Nguru wetlands
with those from the central lakes in the Inner Niger Delta, and
correcting for surface area, the Hadejia-Nguru numbers lie in the
1000 ¢ same order of magnitude (Table 14, Fig. 85) 4, which is remarkable,
since the Hadejia-Nguru wetlands are eight times more densely
populated than the Inner Niger Delta and are subject accordingly to
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Fig. 85 Maximum numbers counted in the Hadejia-Nguru and the

central lakes of the Inner Niger Delta; data from Table 14. Note the use

T T T T
1 10 100 1000 10000 100000 1000000 of logarithmic scales. Grey field indicates expected relationship: 3 to 9x
Hadejia-Nguru (max. number of birds) more birds in the Inner Niger Delta as in the Hadejia-Nguru.

Table 14 Maximal number of birds counted during 11 mid-winter counts (Table 13) and 3 counts performed in July (1995-1997) in the Hadejia-Nguru
wetlands (HNW) compared with the maximum counted in the central lakes of the Inner Niger Delta (IND). From: AfWC-database of Wetlands Inter-
national and Table 5.

Species HNW IND| Species HNW IND|
Long-tailed Cormorant 1511 13521 Eurasian Marsh Harrier 99 458
Great White Pelican 23 4300 Black Crowned Crane 1 50
Grey Heron 678 6218 Black-winged Stilt 1210 5536
Black-headed Heron 79 94 Pied Avocet 42 86
Purple Heron 355 4606 Great Snipe 13 140
Squacco Heron 870 1667 Greater Painted Snipe n 102
Black Heron 102 390 Collared Pratincole 170 20904
Cattle Egret 37832 5571 Spur-winged Lapwing 551 5829
Little Egret 845 100 Black-headed Lapwing 92 16
Intermediate Egret 549 1503 Kittlitz's Plover 48 13887
Great Egret 518 5534 Common Ringed Plover 80 6073
Yellow-billed Stork 110 210 Black-tailed Godwit 6473 37654
White Stork 1774 130 Eurasian Curlew 12 372
African Spoonbill 110 900 Little Stint 1231 38362
Eurasian Spoonbill 52 75 Wood Sandpiper 168 755
Glossy Ibis 2447 15375 Common Sandpiper 533 74
Sacred Ibis 572 1160 Ruff 70845 90470
White-faced Whistling Duck 58613 6643 Spotted Redshank 4065 4557
Fulvous Whistling Duck 9510 9500 Common Greenshank 214 3031
African Pygmy-Goose 35 664 Marsh Sandpiper 70 185
Knob-billed Duck 2196 9124 Grey-headed Gull 269 242
Spur-winged Goose 7332 11481 Gull-billed Tern 174 3896
Egyptian Goose 1 900 CaspianTern 8 3545
Northern Pintail 34866 150000 Little Tern 430 346
Garganey 147563 273000 Whiskered Tern 988 6679
Osprey 12 5 White-winged Tern 134 5874
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Yellow-billed Storks are distributed across sub-Saharan Africa, but have disappeared from several West African wetlands. The species is confined to

shallow water where they feed mainly on fish.

more intense human exploitation. Such exploitation of waterbirds
in the Hadejia-Nguru explains a decline of the larger species (storks,
pelicans and cranes; (Akinsola et al. 2000). Smaller species, such
as Ruff, are captured with hook lines and snares (Ezealor & Giles
1997). The Black Crowned Crane, the national bird of Nigeria and
once common in the north, “formerly ... in the valleys of great rivers
... with flocks up to 200” according to Elgood et al. 1994, has now
disappeared from the Hadejia-Nguru - 14 counts produced but a
single observation.

A count in 1991 found 7500 remaining breeding pairs of larger
bird species (5575 Cattle Egret, 661 Long-tailed Cormorant, 493
Intermediate Egret, 291 Squacco Heron, 332 Little Egret and 137
Great Egret; Garba Boyi & Polet 1996).

Conclusion

Since 1964, the extent of flooding of the Hadejia-Nguru wetlands has
varied between 300 and 3600 km?, mainly due to variable rainfall.
Dams and irrigation schemes upstream reduced the flooded area
by 300-500 km?, but at the same time covered the lower floodplains
with permanent water. The wetlands are now heavily exploited
by local people, who have converted the floodplains into a semi-
natural, mostly treeless, habitat. Nevertheless the floodplains still
harbour large numbers of waterbirds, at least in wet years.

Endnotes

1 R. Blench: http://www.old.uni-bayreuth.de/afrikanistik/mega-tchad-alt/Bulle-
tin/bulletin2003/programmes/wetland.html

2 The flood extent of the Hadejia-Nguru is 0.112x the flood extent of the Inner Ni-
ger Delta (R?=0.458). Without dams, the correlation between the flood extents
improves (R?=0.522) and the ratio increases: 0.128x.

3 Hollis & Thompson (1993) derived a water balance for the Hadejia-Nguru in
the period 1964-1987. The average annual inflow was 4.39 km?, the rain input
0.57 km?, the evaporation 2.83 km?, the ground water recharge 1.46 km? and the
outflow 1.06 km?®. The groundwater storage decreased in this period from 10 to
5 km?, because the annual water output (5.35 km?) was larger than the input
(4.96 km?®) during these 23 years.

4 The dam-affected flood extent of the Inner Niger Delta and the Hadejia-Nguru
differ by a factor of 8.9 (see endnote 2 above), but since 30-100% of the bird
numbers in the Inner Niger Delta concentrate in the central lakes during reced-
ing water, we expect the bird numbers in the central lakes of the Inner Niger
Delta to be about 3 to 9 times as high as in the Hadejia-Nguru. On average, the
numbers in the Inner Niger Delta are 4.93 times as high when all species are
combined. For waders the average is 6.76, for ducks and geese 5.55 and for her-
ons and other large colonial waterbirds 3.85 (Fig. 85). In other words, the Hade-
jia-Nguru wetlands harbour relatively many waders (i.e. Ruff), duck (mainly Gar-
ganey and White-faced Whistling Duck), and relatively few colonial waterbirds
(except for plentiful Cattle Egret).
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With contributions of Paul Scholte

A shrinking African lake, which still covered 26 000 km?in the 1960s (almost the size of Belgium), and now threatens
to disappear in the near future, appeals to the imagination. The international attention mounts whenever the level
of Lake Chad dips, but no such outcry is heard when the water level rises again in subsequent years. Consequently,
the general publicis convinced that Lake Chad is shrinking in size —in fact dying —and for one obvious reason: climate
change. The fact is that Lake Chad has always shown large variations in size and the clear decrease in the 1970s and
1980s was partly due to irrigation along the rivers responsible for filling it. For the local people living along the border
of Lake Chad the seasonal and annual variation in water level is part of life, but this elusive phenomenon appears to
be difficult to accept by national and international decision makers. Lake Chad must be tamed, with predictable vari-
ations in water level, enabling large irrigation schemes along the borders of the lake. They should know better. Long-
existing irrigation projects in Nigeria and Chad were destroyed by high water in the wet 1950s, while large irrigation
schemes built in the wet 1960s could not be used in the many dry years since then.The ambitious South Chad Irriga-
tion Project (with a planned 670 km? of land irrigated) used a supply canal originally extending 24 km into the lake,
but during the dry mid-1980s the water’s edge was up to 70 km away from the inlet. Local farmers and fishermen

followed suit in the 1980s, as they, and their ancestors, had done during previous droughts. But times are changing.
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Lake Chad and its surroundings have been divided over four states in the 20th century. After Nigerian fisher-

men founded a village in the dry years on the other side of the border (in Cameroon), military skirmishes were

the result and, finally, they had to withdraw after a judgement from the International Court of Justice in The

Hague. Little has been learnt: there is even a grotesque plan to change Lake Chad into a lake with a more or

less constant water level by diverting the Ubangi River from the Central African Republic to Lake Chad.

Introduction

Lake Chad Basin in North-Central Africa can be considered as a cu-
vette between the Niger and Nile valleys (Fig. 20), on the bottom of
which lies Lake Chad. About 7000 years ago, when the Sahara was
still grassland (the ‘Mega-Chad’ period), its shoreline was several
hundred km furtherinland (Leblanc et al. 2006, Kropelin et al. 2008).
For thousands of years the basin has been predominantly desert,
transitioning into Sahelian grasslands and wooded savanna in the
south. These arid lands sharply contrast to the basin’s oases of life:
the wetlands. In addition to Lake Chad, Lake Fitri and Lake Iro also
contain water throughout the year. The basin holds extensive flood-
plains: the Hadeija-Nguru floodplains in northern Nigeria (300 km
west of Lake Chad; see chapter 8), the extensive floodplains along
the Chari and Logone Rivers in Cameroon, Chad and the Central Af-
rican Republic, and the borderlines of the three lakes cited above.
These floodplains generally dry up in December - January, offering
the perfect wintering site for migratory birds. In addition, there are
many small and isolated ephemeral wetlands formed by rainfall
and local run-off, especially in the transition zone of Sahel and Su-
dan savanna. For a few weeks or months, especially after the rainy
season from August till October, they contain water and vegetation,

allowing both livestock and wildlife good foraging and water supply
when the other wetlands are inundated. The various wetlands com-
plement each other in the timing of flooding and drying up, the key
to survival of the basin’s inhabitants, including birds.

Lake Chad

Hydrology Lake Chad is a closed lake, with a single surface outlet un-
der exceptionally wet circumstances into the northeast, the lowest
part of the basin, the old ‘Mega Chad’. By the time of the first rains
in June, the water level in Lake Chad starts to rise 5-6 cm per month,
owing to variation in local rainfall between 9.4 and 56.5 cm per year
(Vuillaume 1981) and an increasing inflow of the Chari and Logone
Rivers (Fig. 86). In a dry year, with low riverine input, the water level
in the lake already reaches its peak in November, but, if the inflow
is large, the water continues to rise until January or even February.
When, after the rainy season, the river discharges largely cease, the
level of the lake drops gradually by up to 6-7 cm per month in April-
May. The water level varies seasonally by around 90 cm, in some
years by even more than 150 cm.

In a wet year the annual inflow exceeds the annual evaporation,

The Logone floodplains are covered by some 50 cm of water during flooding. After flood recession, grazing turns the green marshlands into a

scorched, almost bare steppe within a couple of weeks. It takes another flood before the cycle is to be repeated.
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allowing the lake to expand in size. In contrast, during a drought pe-
riod, evaporation surpasses the inflow, causing a gradual decline of
the water level. The water level in Lake Chad, measured since 1908
in Bol (Fig. 87), was high in the relatively wet 1950s, but dropped five
metres between 1962 and 1987, only to increase slightly again in the
1990s.

Before 1973, the maximum surface area of Lake Chad varied an-
nually between 15 000 and 25 000 km? but has dropped below 10 000

700

lake level

maximum
——— minimum

600
£ 500
400

300

N

o

o
|

100

water level at Bol (cm

o
|

lake area
maximum
——— minimum

5

surface area (km? water x1000)

0 T T T T T T T T T T T T
1870 1890 1910 1930 1950 1970 1990

Fig. 87 (A) The annual variation in the highest and lowest water level
of Lake Chad between 1870 and 2006. Since the level of Lake Chad and
the flow of the Nile river are correlated, the flow data of the Nile (avail-
able since 1870) were used to estimate the water level in Lake Chad
before 1908 when the actual measurements started at the hydrological
station of Bol; the data for 1980-1983 and 1987 were also estimated. The
hydrological data from Olivry et al. (1996) (1870-1994) and Coe & Birkett
(2004) (1992-2000) have been combined with satellite radar altimetry
of Lake Chad since 1992 (http://www.pecad.fas.usda.gov/cropexplorer/
global_reservoir; Crétaux & Birkett 2006). (B) The surface area of Lake
Chad, as derived from functions describing the relationship between
lake level and lake size (Vuillaume (1981).

Fig. 86 (previous page) Lake Chad, Lake Fitri and the Logone flood-
plains. The Logone floodplains and the southern part of Lake Chad are
shown enlarged (see inset maps); Google Earth satellite composites 27
December 2004.

km? since then. Each year the lake was about 2000 km?* smaller in May
than in the few preceding months, but this amounted to about 3500
km? since 1973. Thus, a decline of the total surface area of Lake Chad
went along with a substantial increase of the seasonal floodplains
along the borders of the Lake (an explanation for which is given be-
low). The changes are even larger than these figures suggest. At high
water levels Lake Chad is without islands, but thousands of sand
dunes emerge along the eastern side of the lake when the water level
drops, forming a large archipelago (Fig. 86), and also named as such.

Lake Chad measures 24 000 km? when the water level at Bol
reaches 478 cm, but it covers only 9000 km? at 50 cm. Using these
correlates, the measurements in Bol could be used to estimate the
lake size at various water levels were it not for one complication.
The northern and southern half of the lake get separated when the
water level drops below 100 cm, as was the case in 1973. Also, in
the following years, the floods did not pass the “Great Barrier” be-
tween Baga Sola and Baga Kawa (Fig. 88), and the northern basin
dried out. ! At the same time, the average seasonal fluctuation in
water level increased from 90 cm to 150 cm in the southern basin
(Fig. 87A), expanding the surface area of the seasonal floodplains
from 2000 km? to a maximum of 7000 km? (Fig. 89). The minimum
lake size between 1977 and 2006 varied between 6000 and 7000
km?, and the maximum lake size between 7000 and 15 000 km?
(Fig. 87B). 2 During the relatively high floods of 1994 and 1999, the
water level again surpassed the barrier between the northern and
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Fig. 88 The altitudes of Lake Chad relative to mean sea level; 0 cm at
the gauge of Bol corresponds with 277.87 m relative to sea level. Note
the relative high area south of Baga Sola, which functions as a barrier
between the southern and the northern basin when the level of the
lake is low. From: Carmouze & Lemoalle (1983).
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When the northern basin gradually dried up after 1973, one of the first
plants to colonise the bare ground was Ambatch Aeschynomene elaph-
roxylon, a soft-stemmed scrub with cork-like wood. Local fishermen in
other floodplains (such as these children in the Inner Niger Delta) col-
lect Aeschynomene nilotica stems to be used as floats for their nets.
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Fig. 89 Monthly variation in the size of Lake Chad between May 1968
and May 1977.In May 1973 the water level dropped to such an extent
that the northern and southern basin became separated. Within two
years the northern basin dried out (water surface not shown), but the
seasonal variation in water level in the southern basin became more
punctuated. From: Olivry et al. (1996).
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Fig. 90 Annual maximum and minimum water level in Lake Chad, as
observed, compared with simulated lake levels without irrigation along
the Chari and Logone Rivers. The impact of irrigation on the river flow is
shown in Fig. 21.




southern basin, but not by enough to fill the northern basin (Lem-
oalle 2005).

Impact of irrigation The decline of the water level since 1962 can only
partly be attributed to the reduced rainfall in the catchment areas of
the Chari and the Logone Rivers. Irrigation schemes have been tak-
ing water from the rivers since the early 1960s and the amount has
increased since 1992 (Fig. 21). The impact of this reduced inflow has
been modelled, based on monthly measurements of river inflow, lo-
cal rainfall, evaporation and seepage (Vuillaume 1981; summarised
in Olivry et al. 1996)°.

We used the close relationship between lake level and inflow to
quantify the impact on lake size of irrigation along the Chari and
Logone Rivers (Fig. 90). Irrigation had only a small effect on Lake
Chad before 1985, but this has increased since then until 1992. This
is partly due to the increased water intake (see Fig. 21), but also to
evaporation exceeding the reduced river inflow. Irrigation schemes
have lowered the water level by about one metre (Fig. 90). Vuillaume
(1981) used his hydrological model to simulate a reduced river flow
caused by irrigation between 1954 and 1977, when the amount of
irrigation was still rather minor. Nevertheless, he concluded that
in 1977 the lake level would have been 37 cm higher were it not for
the irrigation. Coe & Foley (2001), simulating the level of Lake Chad
from 1954-95, found that about half of the observed shrinkage of
Lake Chad since 1975 was due to human water use. Without irriga-
tion, Lake Chad would have measured 12 000 to 16 000 km? in the
1990s and 2000s, instead of the observed 7000-11 000 km? (Fig. 87).

Vegetation Until 1973, Lake Chad was a large shallow lake with up to
20 000 km? of open water. About 2400 km?, or 12% of the lake surface,
was covered by aquatic vegetation before that year (Iltis & Lemoalle
1983). Where the Chari River flows into the lake, extensive aquatic
meadows of Vossia cuspidata (about 200 km?) occurred, a plant spe-
cies locally known in West Africa as didere and confined to water col-
umns of one to three metres deep. In more shallow waters Papyrus
Cyperus papyrus and Reed Phragmites australis were found, dominat-
ing the eastern border of the lake, abounding in the region of the
Great Barrier and forming floating islands. As salinity in Lake Chad
is low (1%o0) but increases further north, Papyrus is replaced by Cat-
tail Typha sp. in the northern part of the lake.

The northern basin gradually dried up after 1973. Open water
turned into dryland, with temporary pools during the rainy season.
One of the first plants to colonise the bare ground was Ambatch Ae-
schynomene elaphroxylon, a soft-stemmed scrub with cork-like wood .
The Mesquite Prosopisjuliflora, an invasive tree species from Central
America, has increased rapidly. During the 1970s and 1980s it was
widely planted in the struggle against desertification. It fixes mobile
dunes and colonises dry, sandy grounds, but the species has started
to invade more fertile areas. A forest of 10 ha planted in 1977, just
north of Lake Chad, has spread across the northern basin and was
already covering 3000 km? by the early 2000s (Geesing et al. 2004).

Since 1973 the southern basin has changed into a relatively small
area of open water (c. 1500 km?), fringed with large seasonal flood-
plains (3500-4000 km?). Dense Ambatch vegetation developed on the
drier sediments, while the increased seasonal fluctuation in water
level from 50 cm to 150 cm in the floodplains favoured didere at the
expense of Reed and Cattail. Similarly, massive floating mats of Wa-
ter Lettuce Pistia stratiotes and Water Lily Nympheaea lotus came into
existence.

People The human population in the Chad Basin has been estimat-
ed at about 10 million in 1999, of which most live in the southwest
(Fig. 35B). The population density around the Lake itself varies from
less than 5 inhabitants per km?in the north to 25-50 inhabitants per
km?in the south.

There are at least 20 000 professional fishermen in the lake ba-
sin; fishing is a part-time activity for at least another 300 000 people.
Before 1960, fishermen used traditional fishing techniques which
could only be applied in rivers, creeks and shallow waters. On the
lake proper hardly any fishing occurred, but that changed after 1963
with the introduction of nylon nets (Carmouze et al. 1983). The an-
nual fish capture, estimated at 65 000 tonnes in 1969, increased to
227 000 tonnes in 1974 (Durand 1983). Taking into account the con-
comitant decline in lake size from 19 000 to 9300 km?, the increase
in yield was even larger, from 34 to 245 kg/ha. The high captures in
the mid-1970s were due to the gradual desiccation of the northern
basin, which enabled the fishermen to capture entrapped fish in the
remaining waters. Durand (1983) concluded that by 1977, with the
exception of the temporary peak in the mid-1970s, the yield of fish
in Lake Chad stabilized at about 100-120 kg/ha. Consequently, the
size of the lake must have repercussions for the total capture of fish.
The data given by Neiland et al. (2004) for 1978-2001 do indeed show
that the annual total capture varied between 101 000 tonnes in 1978
and 22 000 tonnes in 1982, in concordance with the size of the lake.
The yield between 1978 and 2001 averaged 86 kg/ha, i.e. somewhat
smaller than predicted by Durand (1983).

Farmers in the Sahel cultivate their land during the short rainy
season, but in floodplains and along the borders of Lake Chad,
they also use exposed moist soils to grow sorghum and, to a lesser
degree, millet, and also maize and beans in the south. Since time
immemorial, farmers have constructed temporary, small dams to
regulate the water level in the valleys between the islands. Satellite
images show that by the early 2000s large-scale ‘polders’ had been
made with concrete dams.

Groups of nomadic pastoralists from a variety of ethnic back-
grounds (Arabs, Kredda, Borno) follow the receding lake and, dur-
ing the dry season, let hundreds of thousands of their cattle and
sheep graze on the vegetation of the exposed lake bed. A rapidly
declining number of the endemic Kouri cattle, descendants of Bos
taurus (the common humpless cattle) with huge ‘floating’ horns, are
permanently present in the flooded pastures. No livestock counts
have been conducted over the entire area, but we may assume that
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African Elephants still occur in the floodplains of the Waza-Logone,
where Acacia seyal flood forests are important food sources (as are
Piliostigma reticulatum, Combretum sp.and Balanites aegyptiaca). The
number of trees killed by them doubled in the 1990s and early 2000s,
but the main effect of Elephants in Waza National Park is on Acacia
dynamics and structure (Tchamba 2008).

livestock numbers have increased since the last Great Drought, not
only because of the overall trend in the Sahel (Fig. 33), but also be-
cause new grazing grounds came into existence in the expanding
seasonal floodplains.

Other wetlands

Lake Fitri is often referred to as a ‘mini Lake Chad’ (Fig. 86). De-
pending on the inflow of the Batha River, its maximum size, gener-
ally reached in November, varies between 420 and 1300 km? (Keith
& Plowes 1997); it was completely dry in 1973 and 1984. The Batha
flows for only 3-4 months of the year, with a seasonal variation in
water level of about 150 cm (http://www.pecad.fas.usda.gov/cropex-
plorer/global_reservoir; Hughes & Hughes 1992). The flooded fring-
es are covered by Echinochloa stagnina (known in West and Central
Africa as bourgou), didere and Ambatch. The open water is partly
covered by floating vegetations of mainly Water Lily and Pondweed
Potamogeton sp. The lake is intensively used by the local people. The
annual catch of fish has been estimated at some 3000 tonnes (Hugh-
es & Hughes 1992). Farmers cultivate their land when waters recede
and the floodplains are grazed by cattle belonging to nomads.

Little is known about the floodplains along the Chari, estimated
by Lemoalle (2005) to reach 7000 km? for the area around Massen-
ya and even 50 000 km? for the Salamat, the main tributary of the
Chari. The Salamat River flows across the Zakouma National Park
(3000 km?), one of the last strongholds for wildlife in West-Central
Africa (Chapter 5), and Lake Iro, a little-known lake, slightly smaller
than Lake Fitri.
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The Waza-Logone National Park attracts more tourists than any other
National Park in Central Africa. In the dry season, wildlife, birds and
tourists concentrate near remaining pools.

In contrast, there are many studies on the Yaérés, the floodplain
areas south of Lake Chad, covering some 8000 km? (Fig. 86). Most
studies have focussed on the southwestern part, the Logone flood-
plains in North Cameroon, and especially on the impact of the Maga
dam (Fig. 86). The Maga dam, builtin 1979, created a reservoir, Lake
Maga (with a volume varying between 0.28 and 0.68 km* and surface
area between 100 and 300 km?), allowing gravity irrigation, and thus
reducing costs of rice cultivation. Since embankments were built
along the Logone River to prevent flooding, the area downstream
from the irrigated rice fields has no longer been immersed and the
ground water table has gone down by 3-10 m (Ngatcha et al. 2005).
This is also visible on satellite images (Fig. 86): the area between the
rice fields and Tikele are yellow instead of green. The effect of the
Maga dam was notable as far as the Waza National Park (1700 km?),
40-50 km downstream , where the perennial grasses on the former
floodplains (such as wild rice) were replaced by less productive an-
nuals (Scholte 2007) and where the population of Kob antelopes
dropped from 20 000 to 2000 (Scholte et al. 2007).

The negative impact of the Maga dam on the lower floodplains
was particularly serious because the inflowing water that could not
be stored in the reservoir was drained directly into the Logone River
rather than into the floodplains. The surrounding desiccated area
could be reflooded, without doing much damage to the rice culture, by
making an opening in the dike downstream of the rice complex. This
occurred in 1994, after many studies and consultation rounds, allow-
ing a flow of 20 m?/s. A second opening was made in 1997 (7-10 m?/s).
The reflooded area averaged 200 km? (Loth 2004). That a relatively
small release could have such a large effect hinges on the fact that the
Logone plains are submerged by only 50-100 cm. The floodplain reha-
bilitation was, however, not the success it initially seemed to be. First,
the Maga dam was constructed in 1979, a relatively dry year, while the
opening in the dike took place in 1994, a wet year; the large changes in



The drop in antelope numbers in northern Cameroon, from 20 000 in
the 1960s to 2000 in the 1980s (slightly increasing to 5000 in the mid-
1990s), is better explained by antelope-livestock contacts (provoking the
transmission of diseases such as rinderpest during droughts) than by
poaching, which has remained rather constant. The increasing livestock
numbers pose a serious threat to antelope populations (Scholte et al.
2007a).

flooding were therefore partly due to variations in rainfall. Moreover,
the reflooded areas attracted so many people from elsewhere that the
restoration of the protected area was jeopardized. For instance, the
number of cattle tripled between 1993 and 1999, severely limiting the
availability of foraging for the Kob and other wild herbivores, which
did not therefore increase in numbers (Scholte 2003).

Birds

In the 1970s Lake Chad changed from a large waterbody locally
fringed with marshland into scrub- and woodland in the northern
section and a relatively small lake surrounded by extensive seasonal
floodplains in the southern part. The repercussions for birds must
have been considerable.

When the lake was still large, waterbird counts by Vielliard (1972)
showed that Northern Shoveler was the commonest Palearctic duck
species (8000 in 1969 and 11 000 in 1971). Thousands of Garganey
and Pintails, together with African Pygmy Geese, were concentrated
on the flooded grasslands, where also several 10 000s of White-faced
Whistling Duck were present. These counts must have underesti-
mated real numbers. Aerial counts of large waterbirds in Lake Chad

The Waza-Logone floodplains during flood recession. This stage of the flood cycle offers excellent feeding opportunities for birds and other wildlife,

but often for a short time span only, especially during droughts. January 1999.
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The number of Black Crowned Cranes in the Lake Chad Basin was esti-
mated at 5000 birds in the early 1990s (Scholte 1996), compared with
less than 50 in the Inner Niger Delta, 150-380 in the Senegal Delta and
0 in the Hadejia-Nguru (Chapter 6-8). Human activities, via poaching

and disturbance of breeding grounds, are the main cause of decline
throughout West Africa.

in January and December 1999 and in December 2003 revealed
95 000 (on a single day), 388 000 (over 6 days) and 537 000 water-
birds (over 2 days) respectively. The available counts are difficult
to compare for methodological reasons, but it is remarkable that
only a few hundred Shovelers were counted in 1999-2001, compared
with 200 000 Garganey and 38 000 Pintails (data from the AfWC da-
tabase; Wetlands International). When compared to Vielliard’s sur-
vey in 1969-1971, the large increase of Garganey and Pintails must
have been due to the expansion of floodplain size since then, as this
is their preferred habitat.

Another survey method was employed by Van Wetten & Spieren-
burg (1998), who counted 9046 waterbirds (49 species) in three
plots in floating meadows along the southern fringe of Lake Chad
in January 1993. Their plots totalled 17 km?with an average density
of 5.3 bird per ha. Part of the plots must already have been exposed,
as evidenced by the presence of relatively large numbers of Cattle
Egrets, Spur-winged Lapwings and Collared Pratincoles, all spe-
cies which avoid areas covered by water. This is possibly also the
explanation for the relatively low density of waterbirds. In the In-
ner Niger Delta, where waterbird density (excluding passerines) in
floodplains amounts to 10-16 birds per ha, density drops to 1-3 birds
per ha when the floodplains have dried up (Table 7; Fig. 62). Tak-
ing counting differences into consideration, i.e. large plots in Lake
Chad (where small and secretive species may be partly overlooked)
and small plots in the Inner Niger Delta (where counts are more
precise but flock-feeding birds may be underestimated), the species
composition of Palearctic species on the floodplains in Chad and
Mali match rather well, with many Glossy Ibis, Black-winged Stilt,
Black-tailed Godwit, Ruff and Little Stint in both areas.
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Based on fieldwork in 1979, Jarry et al. (1986) characterised the
avifauna of Lake Chad in five habitat types. African passerines and
possibly rails abounded in dense vegetation of Papyrus, Cattail and
Reed, but Palearctic bird species (except for a single Savi’s Warbler
or Bluethroat) were absent. Few birds used the farmland along the
border of the lake or in the archipelago. The open water of the Lake
was onlyvisited by some Grey-headed Gulls, pelicans and terns. Most
bird species were present, and in large numbers, in the submerged
meadows of didere and Water Lily and on emerging mud and sand
flats (Dejoux 1983). This suggests that wintering conditions for most
Eurasian bird species may have improved after Lake Chad changed
in 1973 from a large stagnant lake with predominantly open water
into a seasonal wetland. In contrast, wintering conditions for most
Eurasian birds in the ‘complementary’ floodplains elsewhere in the
Lake Chad Basin (Logone, Lake Fitri) have most likely deteriorated.

Vielliard (1972) had already noted that the distribution of water-
birds varied seasonally, with a shift from the Logone floodplains to
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Fig. 91 (A) Number of waterbirds in January-February counted during
ground surveys in the Logone floodplains (Cameroon; western bank)
compared to the annual discharge at N'Djamena (Logone and Chari Riv-
ers combined) in the preceding year. The correlation is high: R = +0.84.
(B) Relationship between counted numbers of Squacco Heron and Yel-
low-billed Stork and the river flow. From: Scholte (1996); AfWC database
of Wetlands International.



Collared Pratincoles winter in large numbers near floodplains in the
Sahel. One typically encounters large groups keeping a low-profile on
dry ground (only noticed when disturbed), or insect-hawking groups at
high altitudes. The latter are often so high in the air that they resemble
mosquito swarms, and it is the contact calls that make the observer
aware of the hundreds of birds.

Lake Chad during receding water, between November and March.

Similarly, Van Wetten & Spierenburg (1998), responsible for the first

systematic waterbird count of the Logone floodplains in January

1993, were aware of the impact of receding water on birds using the

floodplains. They recorded, for instance, 12 000 Black-tailed God-

wits on a single roost in November, where some months later no
more than 371 birds were counted in the entire region.

Aerial counts of Lake Chad and the Logone floodplains confirm
that waterbirds leave the Logone floodplains in dry years, and move
to Lake Chad. The counts in 1984, 1986 and 1987 coincided with
dry years (annual discharge of the Chari 484-545 m?¥/s), and those in
2000 and 2004 with wet years (discharge 998 and 891 m?/s). In the
three dry years 312 000 - 553 000 Garganey were counted in Lake
Chad and 200 - 6800 on the Logone floodplains. In contrast, in the
two wet years, Lake Chad held 400 000 Garganey, and the Logone
200 000. The story is similar for Pintail (<1% on the Logone in the dry
years and 41-47% in both wet years) and other waterbirds.

An overview of waterbird counts in the Cameroon part of the Log-
one floodplains in January-February between 1992 and 2000 indicate
an increase in the numbers of Afrotropical waterbirds, but strongly
fluctuating numbers of Palearctic waterbirds without any clear trend
(Scholte 2006). The increase of Afrotropical birds may be partly at-
tributed to the floodplain rehabilitation near the Maga dam, result-
ing in 200 km? of newly flooded area and another 600 km?*where flood
levels have been raised (Scholte 2006). This impact is, however, dif-
ficult to separate from the concomitant increase in rainfall and river
discharge. Birds are always present in larger numbers at a higher
river flow, as shown for two species in Fig 91. There are two excep-
tions: Collared Pratincole and White Stork. These species prefer dry
floodplains and avoid the flooded parts. The twice higher number of
waterbirds in wet years can be explained by the generally better feed-
ing conditions and reduced mortality. For the local breeding birds,
reproduction is probably better. Another pivotal factor is the distribu-
tion of birds: many stay in the Logone floodplains during high floods
but disperse to Lake Chad when the areas dry up.

Two ground surveys of waterbirds in the Logone floodplains, in-
cluding the Chadian part on the eastern bank of the Logone River
(Fig. 86), carried out in February 2000 and 2001, clearly showed that
large numbers may concentrate here (Table 15). A comparison with
the Inner Niger Delta (Table 5) reveals that numbers in the Inner
Niger Delta are three times higher than in the Logone valley. This
was not unexpected, given the three- to fourfold difference in size.
Some species, predominantly resident Afrotropical species, are re-
markably numerous in comparison with the Inner Niger Delta and
the Senegal Delta:

+ 1400-2200 Black Crowned Cranes were counted in the Logone
floodplains. Nowhere further west in the Sahel can such large
numbers of Cranes be seen. Further east in the Lake Chad Basin,
however, similar numbers are found (Lake Fitri and Zakouma
National Park; Scholte 1996). This also applies to the Sudd flood-
plain (Chapter 10).
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Table 15 Two ground surveys of waterbirds in the Logone floodplains (east and west bank combined) and six bird counts of Lake Fitri from the air.
From: Ganzevles & Bredenbeek 2005; Beeren et al. 2001 (Logone), AfWC database; Wetlands International (Fitri).

Logone; ground

Feb 00 Feb 01

Lake Fitri; aerial count

Feb 86 Feb 87 Feb 99

Long-tailed Cormorant 6304 2898 2 3013

Great White Pelican 105 151 21 202 450 80 3
Pinked-backed Pelican 24 201 9 4 203 63

Grey Heron 790 1096 7 50 86 60 1085 184
Black-headed Heron 3956 12323 1 15 141
Purple Heron 161 125 4 2 19 n 507 21
Black-crowned Night Heron 926 1896

Squacco Heron 7338 23011 85 400 3060 3546 373
Black Heron 7264 858 20 105 #
Cattle Egret 20895 24004 500 130 9416 378
Little Egret 8643 2920 203
Intermediate Egret 140 470

Great Egret 808 689 150 3626 1542
Yellow-billed Stork 1077 1055 145 10 30 42
African Openbill Stork 1466 1705 100 K
White Stork 535 4242 1615 2331 ol
Woolly-necked Stork 489 21

Saddle-billed Stork 30 8 5 2

Marabou Stork 1784 1860 17 20 6
Glossy Ibis 1683 1382 2 93 243 13 4154 628
Hadada Ibis 174 62

Sacred Ibis 3126 3616 5 1056 148 138 1796 2210
African Spoonbill 43 304 1 500 900 696 1072
White-faced Whistling Duck 41942 6275 16000 4400 24800 10740 95238 4394
Fulvous Whistling Duck 132 2 6600 350 11000 340 5469 1140

- Very large numbers of Black-headed Heron, Black Heron, Sacred
Ibis and White-faced Whistling Duck were observed, and also
large numbers of African Openbill and Marabou Stork.

+ Squacco Herons are difficult to count in dense vegetation. Den-
sity counts in the Inner Niger Delta suggest that numbers actually
present may be 25 times higher than observed during a regular
waterbird count (Table 5 and 9). However, counted numbers in
the Logone may well almost approach actual numbers, as the
floodplains are mainly dry in January-February, with the birds
concentrating in the remaining small depressions, creeks and
pools.

- Large numbers of Collared Pratincoles (up to 11 353, Table 15)
were counted in the Logone floodplains, highlighting the impor-
tance of dry floodplains in January-February.
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- Many species, mainly Palearctic migrants, seem to be relatively

rare in the Logone floodplains during January-February: large
numbers of Purple Herons were expected but the Logone surveys
revealed only 100-150 birds, as opposed to 4600 in the Inner Del-
ta. However, transects in the Logone floodplain conducted earlier
in the year (October - November) in 1994, suggest the presence of
larger numbers (‘a thousand’).

Not many Garganey and Pintails were recorded, but we know
from aerial counts that one million ducks can be concentrated
on day-time roosts at Lake Chad (Chapter 22 and 23).

+ Apart from Ruff, Black-winged Stilt and Collared Pratincole, wad-

er numbers were generally low, as in the Hadejia-Nguru (Chapter
8). This contrasts with the Inner Niger Delta, where the wetter
conditions attract larger numbers of waders (Chapter 6).



Logone; ground Lake Fitri; aerial count

Feb 00 Feb 01 Feb 87 Feb 99

African Pygmy Goose 175 14

Knob-billed Duck 5939 1899 3350 4300 5200 2970 8295 2044
Spur-winged Goose 2407 1461 1450 16 1400 2195 1849 1295
Egyptian Goose 0 39 5 101 200 13 172 280
Northern Shoveler 452 1777 80 35 300 100 658 2165
Northern Pintail 6213 271 32000 56000 35300 3380 36865 19760
Garganey 334 23869 17000 83000 21600 4040 97332 17100
Ferruginous Duck 0 0 40 300 500 1 3800 8450
Eurasian Marsh Harrier 652 934 9 19 22 21

African Jacana 2560 3876

Black Crowned Crane 1478 2313 300 20 51 134 441 164
Black-winged Stilt 3489 9147 m 76 48 48 14N 2170
Egyptian Plover 378 246

Collared Pratincole 3693 11535

Spur-winged Lapwing 2444 2753 35 557 “
Black-tailed Godwit 952 2318 4 200 220 950 2990
Little Stint 1353 212

Wood Sandpiper 1212 2926

Ruff 72544 146343 550 500 1200 1000 10503 4195
Spotted Redshank 155 882

Common Greenshank 649 332

Grey-headed Gull 906 56

Gull-billed Tern 131 6

Whiskered Tern 956 1204

White-winged Tern 1391 88

- Few terns were observed at any time of the year, possibly because
the height of the flooding rarely exceeds 1 m of water (Scholte
2007).

Apart from waterbirds, the Logone floodplain and its surround-
ings are also noted for their high numbers of Palearctic raptors,
especially Eurasian Marsh and Montagu’s Harriers (Thiollay 1978).
Palearctic raptors, with the exception of Common Kestrel, have re-
mained relatively stable in numbers since the 1970s, compared to a
dramatic decline of resident vultures and the larger eagles (Thiollay
2006a).

The six counts of Lake Fitri (Fig. 86) were aerial, so smaller and
less conspicuous bird species have been overlooked or underesti-
mated. Lake Fitri harbours many waterbirds, especially Afrotropi-
cal ducks and storks. Up to 8450 Ferruginous Duck were observed

in the last two counts. This species was not recorded during aerial
surveys of Lake Chad, but Gustafsson et al. (2003) saw 500 and 1000
Ferruginous Ducks on 19 and 21 October 2000 along the Nigerian
coast of Lake Chad.

Mullié et al. (1999) and Brouwer & Mullié (2001) showed the im-
portance of the estimated 818 relatively small (average 54 ha) iso-
lated wetlands in Niger, including the western part of Lake Chad
Basin. Most only held water for a few months after the rainy season,
enough to support possibly up to one million Palearctic and Afro-
tropical waterbirds. A comparison with numbers on the permanent
Niger river (west of the Basin) showed clear complements: Palearctic
ducks tended to disappear from the permanent Niger River after a
good rainy season, apparently preferring to stay at the isolated wet-
lands where there was a concomitant increase in numbers (Mullié

Lake Chad Basin 155



& Brouwer, pers.comm.). It is expected that the permanent water of
Lake Chad and the main rivers play a similar role.

Gustafsson et al. (2003) compared their observations from the
Nigerian part of Lake Chad in 1997-2000 with those published by
Ash et al. (1967), Dowsett (1968, 1969) and Elgood et al. (1994) up to
30 years previously. They failed to observe Skimmers and Ospreys,
and recorded fewer Yellow Wagtails and Sand Martins and far fewer
Quails. It is unlikely that their observations, referring to the western
coast of Lake Chad, can be extrapolated to the rest of the lake. Os-
preys, for example, are still widely present along the southern edge
of Lake Chad. On the other hand, Skimmers used to be common
along the Logone in the late 1950s, but have not been observed in
the relatively well-studied Waza-Logone since 1980 (Scholte et al.
1999).

The waterbird counts clearly show that Lake Chad Basin still
holds important waterbird concentrations. The high numbers of
large, Afrotropical waterbirds, such as Marabou Stork, Sacred Ibis
and White-faced Whistling Duck, are striking in comparison with
their near-absence in the Inner Niger Delta and the Hadejia-Nguru
wetlands (Scholte 2006) . The number of Black Crowned Crane in
the Lake Chad Basin was estimated at 5000 birds (Scholte 1996),
compared with less than 50 in the Inner Niger Delta, 150-380 in the
Senegal Delta and 0 in the Hadejia-Nguru (Chapter 6-8). Equally,
vultures are more common than elsewhere in the western Sahel
(Scholte 1998). A possible explanation would be the smaller human
population density, but that is hardly likely, given the proximity of
large cities such as Kousseri (and N'djamena). In and around the
Logone floodplains some 800 000 people are living (Mouafo et al.
2002), a population density higher than in the Inner Niger Delta.
Most likely, local differences in human predation rates, based on
varying cultural habits, may play a role. Large-scale commercial ex-
ploitation of waterbirds, as is the case in the Inner Niger Delta (Kone
2006), is not known for the Chad Basin (although for a number of
years, Black Crowned Cranes have been captured for export as pets).
Also, large colonial waterbirds are not safe in Logone (see Box 12),
although their predicament seems to be better than in the western
Sahel.

Numbers presented in this chapter are generally based on counts
from the mid-dry season and do not reflect the dynamics of birds
moving between various wetlands in the Lake Chad Basin. The fluc-
tuating Lake Chad reaches its maximum water level late in the dry
season when all surrounding areas, including the floodplains, are
drying up. Neither do the dry season counts show the importance
of ephemeral wetlands which contain water earlier in the dry sea-
son. We speculate on these interactions as follows (Scholte et al.
2004). During the rainy season from June to September, hundreds
of small and mostly ephemeral wetlands, dispersed over the Lake
Chad Basin, harbour large numbers of Afro-tropical ducks and wad-
ers, many breeding at this time of the year. A few weeks later, after
the termination of the rainy season, many of these birds move into
the floodplains along the Chari, Logone and Komadougou Yobe riv-

156 Li

Box 12

The significance of
effective bird protection

Counts annually conducted in January showed that the Black-headed
Heron became ten times more numerous in the Logone floodplains be-
tween 1992 and 2001. Also the breeding colony in the village of Andirni
went up from 742 nests in 1993 to 2479 nests in 2003. Elsewhere in
West Africa, colonies of Black-headed Herons never exceed 150 pairs.
How can the exceptionally large colony in Andirni be explained? The
background story is simple. The herons breed in the home village of
National Park guides, whose presence creates a safe haven, amidst a
generally dangerous environment with high human predation. Even
in Waza National Park, with a moderately effective management (see
chapter5), breeding colonies of Marabou Stork, Yellow-billed Stork and
Pink-backed Pelican are regularly destroyed by people taking (large)
young from the nests.

This situation is reminiscent of the persecution of herons in Europe
during the first half of the 20'" century, as can be illustrated with two

telling examples.In 1958 more than half of the total French population
of Grey Herons bred in a single, well-protected colony with 1300 nests.
With decreasing persecution, this large colony split up into several
new ones in the surrounding area. And in The Netherlands in 1926, the
Grey Heron population (6500 pairs) was distributed over 130 heron-
ries (settled in very high trees only), compared with 10 000 pairs over
500 colonies in the year 2000. Average heronry size in The Netherlands
declined from 50 to 20 pairs, whilst large colonies of 500-1000 pairs
have not been found since the 1950s. In this respect, the sheer size of
the two breeding colonies of large waterbirds in the Inner Niger Delta
(Chapter 6) reveals more about the protection status and available
breeding sites, than about the ecological conditions for these water-
birds.

These observations may be generalised to all bird species in Africa,
especially those species which are worthwhile for local people to col-
lect. Persecution explains much of the ongoing decline of storks, her-
ons, darters, cranes, ducks and geese, but also of large raptors (Thiol-
lay 20063, 2006b). The bad news is that it will be difficult to convince
local people to stop harvesting birds. The good news is shown by the
heronry in Andirni: high bird numbers can be achieved again with ef-
fective community-based protection. From: Scholte (2006).



White-faced Whistling Ducks are very common in Lake Chad and surrounding wetlands.

ers, which dry up in the early- and mid-dry season (December-Feb-
ruary). Migratory Eurasian birds, such as White Stork, egrets, ducks
and waders, join the Afrotropical birds. Later in the dry season,
birds probably disperse to the Lake Chad area, which by then has
reached its maximum size, before returning to Eurasia. Afrotropi-
cal waterbirds will rest there till the onset of the next rains. Species
such as Garganey and Black-winged Stilt seem to prefer ephemeral
wetlands, whereas White-faced Whistling Ducks have a preference
for the larger lakes, including Lake Chad and riverine habitats.

Conclusion

Lake Chad and its associated wetlands have witnessed enormous
changes in size over the millennia, changes that continue to the
present day. Before 1973, Lake Chad used to encompass an area of
20 000 km?, of which 12% was covered with a dense vegetation of
mainly Reed, Papyrus and Cattail. After 1973 lake size declined to
7000-12 000 km?; half of this decline may be attributed to reduced
rainfall, the other half to irrigation along the Chari and Logone Riv-
ers. The northern basin fell dry in 1973 and turned into a woodland
with temporary pools. The seasonal variation in water level in the
southern basin increased from 50 cm to 150 cm, enlarging the sur-
face area of seasonal floodplains from 200 to 5000 km? Since the
bird density is generally low on open water and in the dense swamp
vegetation, but high on seasonal floodplains, we assume that after
1973 Lake Chad became more attractive for many waterbird species.
Counts from the air do indeed show that huge numbers of ducks
and waders are present on Lake Chad. Waterbird counts reveal that
Lake Fitri and the Logone floodplains also contain high numbers
of waterbirds, though probably fewer than in the past when these
wetlands were larger.

Endnotes

1

The annual discharge of the Yobe river entering into the NW corner of Lake
Chad amounted to 0.5 km? in 1957-77 (Vuillaume 1981), equivalent to 1% of the
entire river flow into Lake Chad. This is much too low to inundate the northern
basin of Lake Chad, when it is separated from the southern basin at a low lake
level.
Lake size (y, km?) is a function of water level in Bol (x,in m):y = 62.99x° - 418.4x?
+3658.x + 8065. If the northern half of Lake Chad becomes isolated from the
southern basin, another function has to be used to predict the surface area of
the southern basin: y = 205.0x% - 65.55x* + 935.5x + 6479. The functions have
been derived from graphs presented by Vuillaume (1981).
The hydrological variables show a good correlation. For instance, maximum
water level can be predicted precisely when we know the inflow and the maxi-
mum water level in the preceding year: take 63% of the previous maximum (in
m) and add 15% of the inflow (m®/s) to get the predicted maximum level in
the next year. In the same way the minimum water level can be derived from
the inflow and the minimum water level in the preceding year. In our analysis,
however, we used curvilinear functions, to get a better prediction. The maxi-
mum water level in Bol (cm; usually in November-January) is a function of the
annual inflow of the Chari and Logone Rivers (m*/s; mainly dependent on the
flow in July-September) and the maximum lake level during the preceding year
(max_,cm):0.01238max, +0.000983max, *+0.3063flow -0.000078flow?- 20.391
(R?=0.95, N=72; P<0.001;1934-2005). The fit is even better for the minimum lake
level: 0.5177min, +0.000543min , 2- 0.1015flow + 0.000013flow?-54.679 (R*=0.97,
N=72; P<0.007;1934-2005).
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The River Nile drains a huge area (3 million km?, or about 10% of Africa), but its annual flow (88 km?/year) is that of

a much smaller river, such as the Rhine. The Nile is a real “desert river” and so its function as a lifeline is even more
pronounced than for “dry-land rivers” such as the Senegal or Niger in the western Sahel. The Nile’s flow is relatively
small for several reasons: its water suffers a high evaporation rate in the southern half of its basin, no tributaries add
water to it further north as it traverses the easternmost Sahara and its natural flow is reduced greatly by dams and
large-scale irrigation. However, the Nile is more than just a desert river. In particular, the White Nile causes the flood-
ing of large areas in southern Sudan. These floodplains, known as the Sudd, belong to the world’s largest wetlands,
which are of prime importance to birds and wildlife. Why, then, is southern Sudan not as famous as other African
wonders of the natural world, such as the Serengeti. In the first instance, probably because it is a harsh, unhealthy
environment, where the first rains in April or May turn the dry black clay bottom into “the most slippery kind of mud”
(Howell et al. 1988) for seven to eight months, transforming the area in the words of Cobb (1981) and Nikolaus (1989)

into “underwater, or, hardly better, a sea of black mud”, where “fieldwork is hampered by ... disease and a variety of
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unpleasant biting insects”. Travellers in earlier times experienced the Sudd as an insurmountable barrier, where wa-

ter creates an ever-changing network of channels which, if navigable at all, are often blocked by floating vegetation.

Its general inaccessibility is the main reason why little is known about its bird life, but, in addition, since the 1950s,

southern Sudan has been plagued by periods of civil war and famine (1956-1972 and 1984-2005). As these human

tragedies tend to have their own specific and usually opposite impacts on wildlife, there is a strong need to shed light

on the Sudd’s present state and the bird numbers involved.

The Nile Basin

The Nile has two principal branches: the Blue Nile draining the
western Ethiopian highlands and the White Nile, whose sources are
on the upland plateau of East Africa around Lake Victoria. The two
tributaries merge near Khartoum to form the Nile proper (Fig. 92).
Rainfall in the mountainous upper reaches of the drainage basins
of the White and Blue Nile averages 1000-1200 mm per year. The
remaining 80% of the Nile basin is semi-arid (the northern half of
Sudan) and arid (Egypt). On average, 86% of the water of the Nile de-
scends from the Ethiopian highlands, the remaining 14% from the
equatorial lakes. Rainfall in the Ethiopian highlands is confined to
a single season (July-September), causing the Nile to flood in late
summer. The runoff from the equatorial lakes shows little season-
al variation, because the large volume of water stored in the lakes
evens out the effects of variations in regional inflow and rainfall. As
a consequence downstream, the White Nile is the more important
source of water supply during the low-flow stage from November to
June - Fig. 93 shows the monthly flow of the White Nile at Mongalla,
where the Sudd marshes begin. Only 300 km further downstream,
the outflow has decreased by almost 50% of the inflow rate, due to
evaporation and transpiration from the marsh vegetation (see be-
low).

During the 20™ century, the average annual flow of the Nile at As-
wan amounted to 88 km?, but varied between 52 and 121 km?®. Most
of this variation was due to the variable discharge of the Blue Nile,
which was on average 50 km?®, but varied between 21 and 80 km®.
The lowest river flows were registered in 1913 (20.6 km?) and 1984
(29.9 km?) when rainfall in the highlands was exceedingly poor: re-
spectively 20.0% and 17.7% below the long-term average for the 20™
century (Conway 2005, Conway et al. 2005). In the Sahel, 1913 and
1984 were extremely dry years as well (Fig. 9). In contrast, the 1950s
and 1960s were relatively wet in Ethiopia, i.e. similar again to the
western Sahel. In fact, the Sahel rain index (Fig. 9) and rainfall in the
Ethiopian highlands are correlated (R=+0.51; calculated for 1955-
2003 only, because the number of gauges in Ethiopia before 1955
was limited).

The flow of the White Nile depends on the water level in Lake Vic-
toria, and hence on rainfall in the preceding years (Sutcliffe & Parks
1999). Between 1900 and 1960 the water level in Lake Victoria varied

by about half a metre, but due to the extremely high rainfall in 1961,
an El Nifio year (Birkett et al. 1999), the water level in 1961 rose 107
cm and another 45 and 52 cm in 1962 and 1963, reaching a level 2
m above those of the 1920s and 1940s (Fig. 94). The storage volume
of Lake Victoria increased in these three years by 151 km?. The out-
flow in 1961 (20.6 km?) was hardly higher than in 1960 (20.3 km?),
but in the following three years the outflow steadily increased (38.7,
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Fig. 92 The Nile Basin, showing tributaries and six major dams and
irrigation schemes; the Merowe dam is still under construction.
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44.8, 50.5 km®in 1962-64), only to decrease slowly again from 1965
onwards (Sutcliffe & Parks 1999). After 1961, the rainfall continued
to decline and finally dropped below the long-term average in the
1980s (Conway 2005). As a consequence, the level of Lake Victoria
gradually decreased by nearly 150 cm between 1965 and 1995 (Fig.
94). 1997 was the first good rainy season for many years, but this has
only slowed the steady decline of the lake level. High rainfall, such as
in 1961, must be rare, since a historical study yielded only one other
year, 1878, with a similar hydrological impact in the last century and
a half (Sutcliffe & Parks 1999).

The annual outflow from Lake Victoria (Sutcliffe & Parks 1999) is
determined by its water level (Fig. 94). * Fig. 94 therefore also illus-
trates the variation in the flow of the White Nile. The flow was maxi-
mal in 1964 with 51.1 km?® and at its lowest level in 1922 (11.8 km?).
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Fig. 93 Average monthly flow of the Blue Nile at Roseires, and of the
White Nile at Mongalla, calculated for the same period (1912-1982).
From: GRDC.

150

water level Lake Victoria (cm)

-100

T T T T T T T T T T
1900 1920 1940 1960 1980 2000
Fig. 94 Fluctuation of water level in Lake Victoria, given as cm devia-
tion from the 20" century average. From: Conway (2005), and for recent
data: Topex/Poseidon/Jason satellite altimetric datasets (given on the
‘Crop Explorer’site of the uspa Foreign Agricultural Service).
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The consequences for the Sudd marshes are discussed below.

The flow of the Nile is affected by several dams and irrigation
schemes. Dams created deep lakes, whose total surface is 1000 km?,
while most of the water from the storage reservoirs is tapped for ir-
rigation. Three dams were constructed before 1933 in Egypt to allow
irrigation. The original Aswan dam, the largest, had a lake whose
areawas 45 km?* and volume 5 km?, but in the 1960s the Aswan High
Dam was built 6.5 km upstream, creating a huge reservoir, Lake
Nasser, 163 km?in size, avolume roughly equivalent to twice the total
average annual flow of the Nile. As Lake Nasser is situated in the hot
desert, its evaporation is high, at 7 mm per day, which amounts to an
annual water loss of 10 km?. The Aswan High Dam was intended to
generate hydro-electricity on a large scale, but the control of water
flow not only heralded the end of annual flooding of the lower Nile
valley, which experienced diminishing replenishment of fertile soils
because much less material was in suspension, but also permitted
the extension of irrigation schemes along the river. In 1997, Egypt
started to pump 5 km? from Lake Nasser annually to the Toshka de-
pression 100-250 km west of Aswan, to create “a second Nile valley”
in the middle of the desert.

The Hamdab Dam near Merowe, Sudan, is also intended to pro-
duce electricity. It will be another large reservoir, some 850 km up-
stream of Aswan. Its lake will be 350-800 km? in area and will contain
up to 12.5 km? of water. Further upstream, four other dams allow Su-
dan to irrigate substantial areas: the Khashm El-Gerba (1964) in the
Atbara River, the Jabal Awlia (1937) in the White Nile 50 km south-
west of Khartoum, the Sennar (1926) in the Blue Nile 300 km south of
Khartoum and the Roseires (1950) in the Blue Nile 500 km southeast
of Khartoum. The Fao estimated the surface of the actual irrigated
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Fig. 95 The maximally flooded area of the Sudd, according to the hy-
drological model of Sutcliffe & Parks (1987) calculated for the period
1912-1980. Also shown is the flooded surface (1894-2007) as derived
from the relationship between the flooded area of the Sudd and the
water level of lake Victoria.



land in Sudan in 1995 at 19 000 km? and the total water withdrawal at
17.8 km? (http://www.fao.org/docrep/W4356E/w4356e0s.htm).

In the 1930s a proposal had already been made to create a chan-
nel for the White Nile which would bypass the Sudd marshes in or-
der to expand the water flow of the Nile in the deserts of Egypt and
northern Sudan. In 1974, these two countries agreed to construct
the Jonglei Canal along the Sudd. Although work started in 1980,
it halted at the outbreak of the civil war in 1983, at which time 260
of the 360 km had been completed, but since then no attempt has
been made to finish the project.

The Sudd

Hydrology The Sudd is a riverine floodplain, but due to the small sea-
sonal variation of inflow (Fig. 93), the within-year flood level varies
usually only by about 50 cm (Suttcliffe & Parks 1987). The between-
year annual variation in flooding is much larger. When in the mid-
1960s the Sudd inflow trebled compared to that of preceding dec-
ades, the water level on the local gauge at Shambe, in the centre of
the Sudd, rose 3 m.

Sutcliffe & Parks (1987) developed a water balance model to es-

25 km

Fig. 96 Topographical map of the southern third of the Sudd. Inset photo shows satellite image (10 November 2002) made available by Google

Earth.The circular forms on the image are floating swamp islands. The map (scale 1:500 000) was released in October 2005 by the Geoprocessing

Unit at the Centre for Development and Environment, University of Bern (www.cde.unibe.ch).
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Patrick Denny (left), one of the few botanists who have studied the vegetation in the Sudd, among Papyrus Cyperus papyrus up to 4-5 m high (Lake

Naivasha, March 2001). Papyrus is a herbaceous perennial native to Africa, tolerant of temperatures of 20°-30°C and a pH of 6.0-8.5.In deep water it

forms floating, tangled masses of vegetation known as sudd. Papyrus attracts few Palearctic migrants, but is home to a suite of African habitat spe-

cialists which need undisturbed swamps (Owino & Ryan 2006). Papyrus also offers an important protection from eutrophication and supports fish

larvae recruitment (Kiwango & Wolanski 2008). Papyrus swamps are hazardous to penetrate on foot, especially when standing in deep water, and

are also inhabited by crocodiles.

timate the seasonal and annual variation in the flooded surface in
the Sudd. Their estimate is primarily based on the monthly data of
the flow into the Sudd at Mongalla, the outflow at Malakal (minus
the flow of the Sorbat River), local rainfall and evaporation. They
conclude that between 1900 and 1960 the flooded surface varied
mostly between about 7000 km? in May and 12 000 km? in Novem-
ber. In this period 60% of the Sudd comprised permanent and 40%

seasonal swamp. The maximally flooded area increased from less
than 10 000 km? in 1960 to nearly 39 000 km?in 1964 (Fig. 95). Un-
fortunately, the hydrological model cannot be used to predict the
size of the Sudd since 1983 because the required hydrological data
are lacking. The predicted surface of the Sudd depends mainly on
the measured inflow at Mogalla ?, but since this represents 76% of
the outflow of Lake Victoria, the size of the Sudd floodplains may
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also be derived from the water level in Lake Victoria (Fig. 94). The
size of the flooded area in the Sudd has gradually decreased from
39000 km?in 1964 to 10 000-15 000 km? in 2005-2007, thus return-
ing to levels normal for the 1890-1960 period (Fig. 95).

Vegetation Like the Inner Niger Delta and, before its river was
dammed, the Senegal Delta, the Sudd is a floodplain, but with one
essential difference: a much larger part of its area is permanently
flooded. In this respect the Sudd resembles other African flood-
plains such as the Okavango Delta (Sutcliffe & Parks 1989), the Kafue

plains (Howell et al. 1989) and the post-dam Senegal Delta (Chapter
7). Denny (1984) described the permanent swamp vegetation zones
of the Sudd, and in 1983 a vegetation map of the Sudd and its envi-
rons (69 000 km? in total) was produced by the ‘Range Ecology Sur-
vey (RES) and the ‘Swamp Ecology Survey (SES)’, based on field work
from the 1979-1983 period. All REs and SEs data are summarised
by Howell et al. (1988). The following description is based on these
sources.

The rivers and lakes within the Sudd (1500 km?) are partly cov-
ered by Water Hyacinth Eichhornia crassipes, a free-floating plant
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species which appeared in the Sudd in 1957 and by the late 1970s
had covered 112 km?(Freidel 1979). It has largely replaced the Water
Lettuce Pistia stratiotes. The deep open water zone is surrounded by
other plant species. Bourgou (Echinochloa stagnina), a key species of
the Inner Niger Delta growing in sites that flood to 3-5 m depth (Fig.
43), is restricted in the Sudd to deep, often seasonal, pools in the
grasslands. In contrast, shallow-flood species such as Vossia cuspi-
data (known as didere in West Africa and hippo grass in East Africa)
are common in the Sudd, but restricted to the areas with a fluctuat-
ing water depth, which occur mostly in the south, covering some 250
km?. Papyrus Cyperus papyrus, growing in up to 2 m depth of water,
covers a larger area, 3900 km?, but is absent from areas whose water
levels vary. The same is true for Cattail, which grows in shallower
water, being found mostly in the central and northern part of the
Sudd, covering 13 600 km?. These giant swamp herbs form dense
vegetation and bulky clumps, which not only prevent human access
but also block any view from the river.

The permanent swamp vegetation is surrounded by seasonal
grasslands. Howell et al. (1988) distinguished two grassland types
being seasonally flooded, one dominated by Wild Rice Oryza long-
istaminata (13 100 km?), flooded 5-9 months a year and the other
by Antelope Grass Echinochloa pyramidalis (3100 km?), flooded 4
months a year or less. These seasonally river-flooded grasslands are
in turn surrounded by three types of seasonally rain-flooded grass-
lands (20 000 km?), dominated by Cockspur grass Echinochloa hap-
loclada, Whorled Dropseed (or Rats Tail Grass) Sporobolus pyrami-
dalis and Jaragua (or Thatching Grass) Hyparrhenia rufa, which are
all widespread in Africa and elsewhere in the tropics. Although 90%
of grasslands are burnt yearly in the dry season, woodlands remain
on the higher floodplains and in the surrounding land; Red Acacia
Acacia seyal (5400 km?) is more flood-tolerant than the Desert Date
Balanites aegyptiaca (5300 km?).

The above vegetation types within the Sudd floodplain have been
calculated as comprising 16 900 km? of permanent and 16 200 km?
of seasonal swamp, but these figures refer to the late 1980s when the
floodplains were very large (Fig. 95). The swamp composition was
different prior to 1960, when the Sudd was much smaller (Fig. 97).
The high floods of the early 1960s saw the Red Acacia and Desert
Date succumb at sites that previously had been flooded, at maxi-
mum, for only some months ayear. Not only did the maximum flood
level rise suddenly in the early 1960s, but the minimum flood level
also increased. Consequently, much of the seasonally river-flooded
grasslands became permanent swamp. The higher flood level al-
lowed Cattail to become more widely distributed than any other
plant species, from 6700 km?in 1952 to 19 200 km?* in 1980. Season-
ally river-flooded grassland increased at the expense of seasonally
rain-flooded grassland.

People, livestock, fish and wildlife The Sudd and its environs held
about 300 000 to 350 000 people between 1950 and 1980 (appendix
6 in Howell et al. 1988). The largest city in the area is Malakal, which
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grew from 12 000 inhabitants in 1954 to 50 000 in 1981, but in this
period, most people remained in the countryside. The high floods of
the 1960s were disastrous for local people, especially because they
coincided with civil war. “Flooding rendered large areas uninhab-
itable and war made habitable areas unsafe” (Howell et al. 1988:
Chapter 11).

Aerial counts between 1979 and 1981 showed that herders held
nearly half a million cattle and 100 000 sheep and goats, but season-
al influxes from the highlands increased the totals to 800 000 cattle
and 180 000 sheep and goats in the dry season. The herders move
seasonally with their cattle, but do not enter the permanent swamps
(Fig. 98).

Farmers grow mainly sorghum, but also maize, cowpeas, ground-
nuts, sesame, pumpkins, okra and tobacco. The cultivated land,
about one ha per family, lies surrounding the settlements, because
the crops must be continuously protected from birds, mainly seed-
eating weavers, but also doves. The distribution of the settlements
is shown in Fig. 98; obviously there are only a few settlements within
the actual floodplains, a fact which is confirmed by high-resolution
satellite images (Google Earth).

Herders and farmers cannot benefit from the flooded area, but
fishermen, in their need to live close to their fishing grounds, usu-
ally camp on the river’s high levees. Fishing is a rather recent devel-
opment in the Sudd - before the nets became available in the early
1950s, open water was rarely fished (Howell et al. 1988: Chapter 14).
From that time, fishermen as far away as West Africa began to settle
in the area. They sun-dried and salted the fish to store and sell. Local
people did learn to fish, not at first as full-time fishermen, but when
the high floods of the 1960s turned their traditional grazing lands
into swamp, many farmers and herders had no choice but to start
fishing. However, fewer than 8000 canoes were counted during the
three aerial surveys in the early 1980s. Howell et al. (1988) estimate
the annual catch in the Sudd at about 27 000 tonnes, although that
might be doubled if the Sudd experiences the level of fishing pres-
sure affecting other African floodplains. *

Much of the Sudd, especially the permanent swamp, is rarely vis-
ited by local people, which is probably why the area still harbours
remarkably large numbers of herbivores. Aerial counts during 1979-
1981 revealed the following maximum numbers: 460 Bushbuck,
10 200 African Buffalo, 3900 Elephant, 66 000 Mongalla Gazelle,
6000 Giraffe, 3500 Hippo, 11 600 White-eared Kob, 2500 Uganda
Kob, 32 000 Nile Lechwe, 6000 Oribi, 33 400 Reedbuck, 4100 Roan
Antelope, 1100 Sitatunga, 360 000 Tiang (or Topi), 8900 Waterbuck
and 3900 Zebra (Mefit-Babtie Srl 1983). Most of these species are
seasonal migrants, entering the flooded areas during receding water
and returning to high ground at the start of the rainy season; as an
example Fig. 98 shows the distribution of the Tiang during the wet
and the dry season. According to Howell et al. (1988) most species
are confined more to the swamps than they once were, due to hu-
man population pressure. The importance of inaccessible swamps
as safe havens has certainly increased since then (see Box 4).



African Openbill Storks are food specialists, eating snails and freshwater
mussels in aquatic habitats. Very large numbers have been counted in
the Sudd. When opportunities are favourable, as during desiccation of
rivers and lakes, large flocks may arrive out of the blue, deplete local
food stocks and disappear equally suddenly. This picture epitomises
this very moment for the Boteti River near Maun, Botswana, after the
water level had dropped to wading depth in January 1994. Up to 172
Open-billed Storks (here part of the fishing group on 15 January 1994)
depleted the local stock of bivalves in less than two weeks, whereas up
to 770 Great White Pelicans did the same with fish.

Birds Howell et al. (1988) describe the seasonal grasslands between
November and April as “an extremely favourable habitat for birds,
particularly aquatic ones ... as well as being essential to some mil-
lion intra-African migrants. Ripe grass seed, crustacea, molluscs,
aquatic insects and enormous numbers of fish, all contribute to the
diversity and high productivity”. Some bird species were counted in
the 1979-1981 aerial surveys; e.g the Shoebill (Fig. 98) a species con-
fined to permanent swamps.

Fishpool & Evans (2001) give a table with the maximum bird num-
bers censused during the three aerial surveys in 1979-1981, but the
ornithological handbooks of Brown et al. (1982) and Del Hoyo et
al. (1992) make no reference to these data. These counts may been
overlooked, but possibly they have been ignored, because the num-
bers of some species seem unrealistically high (Table 16). To inter-
pret the numbers, knowledge of the count methodology is essential.
As described in detail by Howell et al. (1988: appendix 5) the area
was divided into a 10 x 10 km grid. From the aircraft, two observ-
ers counted all animals, canoes and settlements, within each grid
square in narrow strips 145 m wide on either side of the aircraft, ef-
fectively an aerial line transect method. Large herds of animals were
photographed in order to check the field estimates. This method
of aerial line transects, some 700 km long, covered 3% of the area
of the Sudd. The total estimates were extrapolations for the entire
69 000 km?.

Table 16 Three aerial counts of large bird species in the Sudd within
the area shown in Fig. 97 and 98 in 1979-1981. From: Howell et al. 1988.
Status given is derived from Nikolaus (1989): U = uncommon, FC= fairly

common, LC = locally common, C = common, VC = very common.

mid-Sept  Nov-Dec late March
Season wet  early dry late dry Status
Ostrich 1486 4961 6240 u
Long-tailed Cormorant 232 8883 6006 C
Great White Pelican 0 0 5643 R
Pink-backed Pelican 3649 6110 ms7 C
Grey Heron 984 0 0 FC
Black-headed Heron 1652 1460 1716 C
Purple Heron 2587 2091 5049 LC
Goliath Heron 0 3819 3234 C
Squacco Heron 3845 9402 18414 C
Cattle Egret 172 359 65 253 86 724 VC
Great Egret 75 806 9530 19 074 FC
Yellow-billed Stork 0 3775 1154
African Openbill 13469 288 536 344487 VC
White Stork 0 16500 0 U
Abdim's Stork 0 0 858
Woolly-necked Stork 1350 2475 1485 R
Saddlebill Stork 3640 4017 4158 FC
Marabou Stork 196 359719 194007 C
Shoebill 6407 5143 4938
Glossy Ibis 787 1695 240 8778 u
Hadada Ibis 697 429 231 C
Sacred Ibis 16 201 4419 17 688 VC
White-faced Whistling Duck 7150 0 51810 C
Fulvous Whistling Duck 0 0 8775 FC
Knob-billed Duck 394 9611 9075 LC
Spur-winged Goose 153 88220 150 216 FC
Black Crowned Crane 36823 22715 14 685 C
Arabian Bustard 299 945 728 FC
Black-bellied Bustard 944 396 297 FC

Large herbivore counts were similarly extrapolated. Howell et al.
(1988) give the standard errors for these estimates. For instance, the
standard error for the Tiang (average 360 000) was 95 000, and for
other counts of herbivore species, it was approximately 30 to 50%
relative to the mean. Unfortunately, the standard errors are given
only for large herbivores, not for bird species, which makes it dif-
ficult to evaluate the bird counts.
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The single-most important site for Shoebills in Africa is the Sudd, where several thousands are said to occur. Nowhere else are numbers even remote-

ly that large. It is an impressive, man-sized bird associated with swampy grasslands bordering papyrus. Bangweulu swamps, Zambia, March 2008.

We can assume that the counts were more accurate for large, con-
spicuous species (pelicans and storks) and less so for those that are
difficult to detect (Glossy Ibis); for the same reason, the numbers of
skulking species, such as Squacco and Purple Heron, must have been
largely underestimated. The numbers of common but small species
as Ruff, Black-tailed Godwit and Garganey were not counted at all.
We can also assume that extrapolation was more accurate for widely
distributed species (e.g. Sacred Ibis, Black Crowned Crane) and less
so for species feeding in flocks in only a few locations, such as Glossy
Ibis (of which only five large concentrations were ascertained in De-
cember; Mefit-Babtie Srl 1983). Similarly scattered are those species
which spend the day in large roost assemblages (ducks).

A comparison of the three counts reveals that comparable num-
bers were counted for some resident, and especially for solitary,
bird species (e.g. 5000 - 6000 Shoebill, 2000 Woolly-necked Stork,
4000 Saddlebill Stork, 1500 African Fish Eagle). For other species
the three counts gave totals varying during the season: Ostrich,
Openbill and Marabou entered the area during deflooding, as did
White Stork, although the latter had left the area by late March. In
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contrast, the largest number of Black Crowned Crane was counted
in September, but decreased as the water receded.

The recorded maximum number of 37 000 Black Crowned Cranes
and certainly of 1.7 million Glossy Ibis are extremely high. Even if by
the merest chance, all Glossy Ibis in the area were concentrated in
the 3% covered by the strip counts, at least 50 000 Glossy Ibis would
still have been present, 1.5 times more than has ever been count-
ed in the Inner Niger Delta (Chapter 6). Nikolaus (1989), who did
fieldwork in S Sudan between 1976 and 1980, mentioned the spe-
cies as “rather uncommon winter visitor in small numbers to large
swamps”. For other species, the status assessed by Nikolaus agrees
with the counted numbers; Table 16, last column.

Although the Shoebill is another species of which incredible
numbers were counted, about the same numbers were tallied dur-
ing the three counts (4900-6400), and so the figures seem reliable.
According to Brown et al. (1982) the African population “should not
exceed 1500 birds”, but Del Hoyo et al. (1992) arrived at a higher es-
timate of 11 000 birds, of which 6000 were in the Sudd. The latter
figure is based on Nikolaus (1987) who mentioned this figure with-



Dense Cattail and Papyrus vegetations provide the ideal habitat for

rails and some specialist passerines, but are largely avoided by most
waterbirds, unless patches of open, shallow water within these dense
marshes are available. A Goliath Heron disturbed along the edge of a
papyrus swamp in Lake Navasha, Kenya (upper right), and a Long-tailed
Cormorant roosting in papyrus in the Okavango Delta, Botswana (upper
left). Foraging Grey Herons, Great Egrets, African and Eurasian Spoon-
bills, Glossy and Sacred Ibis, Black-winged Stilts and Black-tailed God-
wits in Typha marshes in the Senegal Delta.
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Large birds are particularly prone to human predation, chemical pollutants and habitat degradation. For example the Ostrich, once widespread in
West Africa, is now extinct west of Chad. Along with vultures, eagles and bustards, Secretary Birds (above) have also markedly declined in the north-
ern Sahel and in the savanna woodlands of West Africa, by at least 50-60% between 1968-73 and the early 2000s (Thiollay 2006a-c). The decline may
have been smaller in the eastern Sahel, where human pressure has not yet reached the West African levels, although actual trend information is

lacking. Goliath Herons (below) are still quite common in eastern Africa; here seen foraging in water overgrown with Water Lily bordering papyrus in
Lake Naivasha.
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out further reference, but it could be that he took it from the aerial
survey results. The Shoebill is restricted to permanent swamps in
the Sudd (Fig. 98) and similar habitat elsewhere in Africa (del Hoyo
etal. 1992).

Del Hoyo et al. (1989) considered the African Openbill as prob-
ably the commonest stork in Africa, the largest known colony (5000
pairs) being in Tanzania; the aerial surveys of the Sudd suggested
about 300 000 birds in the dry season. Nikolaus (1987) also agreed
that this species is very common in southern Sudan.

The aerial survey suggests the presence of 15 000 - 36 000 Black
Crowned Cranes in the Sudd, which numbers have never been
matched elsewhere in Africa. The total African population (western
and eastern subspecies combined) was estimated at some 80 000 -
100 000 birds in the 1980s, of which half were in Sudan, but since
then the population declined steeply, although current data for the
Sudan are lacking (Beilfuss et al. 2007).

It is obvious that the Sudd remains an extremely important bird
area. Most remarkable is the presence of large numbers of pelicans,
egrets, Goliath Heron, Black Crowned Crane and seven stork spe-
cies. It seems that these birds still can find remote places in the im-
penetrable swamp vegetation to breed, unlike in the floodplains of
West Africa, where due to the present lack of safe areas, the same
species are rare or absent (e.g. Chapter 6). It should be noted, how-
ever, that the Sudd counts were performed around 1980, when the
flood extent was at its maximum (Fig. 95), so numbers were most
likely lower before 1965 and also in the 1990s.

Most of the species in Table 16 are residents and so we can only
speculate about the significance of the Sudd for migrant duck, wad-
ers and other Eurasian wetland species. Large numbers could be
expected in the Sudd, given its size and the presence of a large va-
riety of wetland habitats. On the other hand, much of the Sudd is
covered by Cattail, which in Senegal is a habitat without waterbirds,
except for moorhen, rails and a few warbler species (Box 11) and
by Papyrus, which from our own observations in Kenya, Botswana
and Zambia, is just as sparse in bird life. Although these extensive
monotonous stretches of vegetations are poor bird habitats, many
birds are attracted to the edges. Satellite images clearly show that
there are many pools, lagoons and creeks relieving the monotony
of Cattail and Papyrus (Fig. 96, although open water has gradually
decreased in extent between 1973 and 2002, due to the lower flood
level (Petersen et al. 2007a).

We do not really know which species could be expected to win-
ter in the Sudd and we can only make guesses about long-term
trends. One reasonable guess is that the long-term variation in the
flooded surface (Fig. 95) must have had repercussions on the popu-
lation trends in bird species which concentrate in the Sudd. If so,
the trends of the populations wintering in the Sudd differed from
those elsewhere in the Sahel between 1960 and 2000, because the
high floods in the Sudd in the 1970s and 1980s coincided with a dry
epoch in the Sahel.

Conclusion

The Sudd is about twice as large as the Inner Niger Delta, but the
Sudd holds only a third of the human numbers present in the Delta.
The presence of many large herbivores and huge numbers of resi-
dent large bird species is an obvious sign of the much lower human
pressure on the Sudd habitats. The few available data from 1980
suggest the presence of large numbers of species such as Goliath
Heron, seven stork species and Black Crowned Crane. However, ob-
servations from other African floodplains suggest that bird densi-
ties in the permanent swamps are probably low. Nevertheless, we
predict the presence of many migrant waterbirds, due to the sheer
size of the Sudd and the presence of large seasonal floodplains. The
Sudd was large in the 1970s and 1980s (and probably attracted more
birds), unlike the rest of the Sahel, which was dry in that period.

Endnotes

1 The annual outflow from Lake Victoria at Jinja is a linear function of the level
of Lake Victoria: km*= 0.164 level + 26.67 (R?=0.979; calculated over the period
1956-1978; level defined as cm deviation from 20 century average).

2 The maximally flooded surface of the Sudd (km?), such as predicted by Sutcliffe
& Parks (1987) is highly correlated with the annual flow (km?; data from the
GDRC database) of the White Nile at Mongalla: flooded area =708 flow -5791
(R?=0.949; calculated over the period 1912-1980). A similar regression with the
level of Lake Victoria (cm; data from Fig. 95) gives: 103 cm +17520 (R?=0.479; cal-
culated over the period 1912-1980). The low correlation is mainly due to three
deviating years, 1917-1919, when the flooding derived from Lake Victoria was
46% lower than that derived from the water balance study.

3 Sutcliffe & Parks (1987) base their hydrological model on a monthly evaporation
rate varying between 150 mm in June and 200 mm in December-January, in total
2150 mm per year. According to Mohamed et al. (2004) this should be 1355 mm,
since the assumption of Sutcliffe & Parks that the evaporation for open water
and swamp would be equal was incorrect (but see Sutcliffe 2005). As a conse-
quence, the flooded area would still be larger than indicated by Sutcliffe & Parks.
The error cannot be large, however, because the size of flooded areas, according
to the hydrological model of Sutcliffe & Parks, fitted well with the surfaces de-
rived from air photography in 1930/1931, satellite imagery of February 1973, and
a vegetation map indicating permanent and seasonal swamp, combining field
work, aerial photographs and satellite images (Sutcliffe & Parks 1987).

4 Using the data of Laé & Levéque (1999), Zwarts & Diallo (2005) calculated the
relationship between the annual fish catch (ton) and the maximum size of the
flooded area (x, km?): ton/year = 52.986 x°¢452; R2=.615). Using this relationship,
the predicted annual catch in the Sudd could have been 20 000 tonnes before
1960 and up to 50 000 tonnes in the late 1960s and the 1970s.
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Irrigation along Sahel rivers is often detrimental to natural floodplains. The large irrigation scheme of Office du Niger

in Mali annually takes so much water from the Niger River that the flood extent of the Inner Niger Delta, just down-
stream, is reduced by some 300 km Floodplains in the Logone valley and the Senegal Delta have been embanked
and converted into irrigated land. Conversely, irrigated areas and reservoirs might be considered artificial wetlands,
offering some compensation for the loss of floodplains. All large-scale irrigation schemes in western Africa were con-
structed in the second half of the 20" century, but small-scale irrigation has existed in Africa since well before then.
The farmers who grow rice in areas reclaimed from the mangrove belt between The Gambia and Sierra Leone store
the rainwater in embanked areas, enabling them to wash away the salts which enter from the estuary,and to prevent
salt from rising by capillary action from deeper soil layers. They cannot drain their diked fields too much, however, if
they are to prevent the soils from turning acid due to the presence of dissolved iron and aluminium. Acidified soils
are among the most hostile environments known, making farming impossible. Thus, to grow rice successfully, farm-
ers have to control salt and fresh water levels, as well as soil acidity and soil salinity. However, if all individual farmers

were to attempt to create the ideal growing circumstances on their own parcels of land, they would often undo the
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work of their neighbours. Farmers solve the problems by mutual agreement and that makes the water management
system of the Jola in the Casamance and the Balanta in Guinea-Bissau even more impressive. When the first Por-
tuguese reached West Africa in the 15" century, they witnessed people growing rice in polders. However, African
rice Oryza glaberrima was already domesticated from wild rice Oryza barthii some 2500 years ago, by people living
in what is today the Inner Niger Delta. The annual production of rice fields on the floodplains and in the coastal
zone amounts to 1-2 tonnes per ha, compared with 4-6 tonnes in the large-scale irrigated areas. While the costs of
traditional rice growing are next to nothing (apart from manpower), the costs of the modern system of irrigation,
although partly hidden, are high. Farmers in irrigation schemes pay a rent, but this is not sufficient to cover the
costs of maintenance, let alone the construction of the irrigation schemes. The production of large-scale irrigated
rice is thus heavily subsidised. Nevertheless, rice imported from Asia is cheaper than locally grown rice. The Sahel
countries safeguard their own farmers, by charging tax on imported rice (being 32.5% in Mali in the early 2000s).
The general policy is to achieve food-security, in dry years as well, and to keep the country self-supporting. This
also explains why the governments are eager to implement still more and ever larger irrigation schemes, certainly

as long as external donors will pay for these large prestige projects.

Rice in floodplains

The farmers on the floodplain use a rice variety that is well-adapted
to grow along with the flood during raising water, but rice farming is
noteasyin floodplain areas. Ideally the seed should have germinated
before the flood arrives. This means that the farmers have to sow the
rice grains before the first rain, in the hope that the rain will come
before the flood. Rice plants are able to grow 3-4 cm a day and thus
keep up with the water level during the flood, increasing in size
by several cm a day. The stems may be as long as 5 m, but usually
they are less than 2 m long. After a flooding period of about three
months, the rice can be harvested during receding water. Much can
go awry in such a system:

« Ifthereis norain before the flood covers the floodplains, the seed
does not germinate before the area is covered by water.

- If there has been sufficient rain for rice to sprout, the rice still
needs water to grow. That is why the flood must arrive not later
than a fortnight after the last rains.

- If timing and amount of rain have been good, but the flood low,
rice plants will grow, but the yield will be poor due to the short
growing season. A minimal flooding of three months is required.

 If there has been enough rain, but the flood is higher than
expected, the production will be smaller. The optimal water
depth is about 2 metres.

- If the growing of rice has been successful, the ripening grain
must be protected later on against seed-eating birds.

A production of 65 000 tonnes of rice is necessary to feed all 800 000

people in the Inner Niger Delta, but this level was not reached in

4 of the 16 years between 1987 and 2002, when the annual rice
production varied between 40 000 tonnes in dry years and about
150 000 tonnes in wet years (Zwarts & Kone 2005b). To enhance
rice production, dikes and sluices have been constructed to stem
the receding water, if necessary. Dams and sluices were useless,
however, because the floods were not as high as anticipated in most
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Fig. 99 Bird density in rice fields was measured in five areas: the
coastal rice fields between Gambia and Guinea, the rice fields on the
floodplains of the Inner Niger Delta and in the irrigated rice fields in the
Senegal Delta, near Lake Selingue and in the area of Office du Niger.
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In 2002, the flood in the Inner Niger Delta was sufficiently high to produce an above-average rice harvest in January 2003. Much work in rice fields is

manual, involving large numbers of people working the fields during planting, crop protection in the ripening stage, and harvesting.

years, and, consequently, the embanked areas (680 km? managed by
Opération Riz Mopti and Opération Riz Segou) were usually only partly
flooded between 1970 and 2005. The total surface area cultivated for
rice in the Inner Niger Delta has increased from 160 km? in 1920 to
3400 km?around 1990, of which 140 km?is actively irrigated (Zwarts
& Kone 2005b).

Coastal rice

Rice polders are located in the tidal marshes and were reclaimed
from mangrove habitat in the zone from The Gambia to Sierra Leone
(Fig. 99). The total surface area of the mangroves may be estimated
at some 8800 km?, of which 700 are in The Gambia, 1400 in Senegal,
2500 in Guinea-Bissau, 2600 in Guinea and 1600 in Sierra Leone (Bos
et al. 2006). Rice is grown between August and January, but natural
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Fig. 100 Extent of rice fields in lowlands and mangrove swamps in the
Casamance (southern Senegal), Guinea-Bissau and Guinea between
1960 and 2003. From: Bos et al. (2006); van der Kamp et al. (2008). The
decline was probably smaller than indicated (see text).

Coastal rice fields hugging the tidal and mangrove zone, here shown for the rainy season with wet rice fields between wooded highlands and a tidal

inlet in the Casamance (September 2007; left), and for the dry season with desiccated rice fields after the harvest, with mangroves in the background

fringing a side branch of the Rio Mansoa in Guinea-Bissau; notice the small tidal flights along the inlet in the centre (March 2005). Both sites clearly

show the high diversity and small scale of ecotopes, resulting in a high diversity of birdlife and good wintering grounds for Palearctic migratory birds.
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succession results in a dense vegetation of grasses and rushes in
the rainy season. Long vegetation is cut and deposited on small
dams surrounding the parcels. A part of the sod is used to improve
the dams, and the remainder turned on the spot. The ditches are
deepened and the mud is laid down on the ridges. As a result the
ground is completely bare before the rice is planted. Subsequently
ditches may need to be deepened and ridges (re)constructed.

Rice is planted at intervals of 10-13 cm, usually on 35-40 cm
wide ridges with 3-4 plants next to each other. The small ditches in
between are about 35-45 cm wide. Rice fields are encircled by low
dams of some 30-50 cm wide. (These dams were particularly helpful
when performing density counts, just as the local people used them
to cross fields without trampling the rice.) The estimated rice density
lies in the range of 20-40 plants/m?. Planting one ha takes about 200
hours, but this represents a fraction of the total amount of work
to obtain a harvest of 1-2 ton/ha (500-700 hours per year per ha; de
Jonge et al. 1978). Obviously, rice farmers work hard for their living.

Bos et al. (2006) arrived at a figure of 1128 km? of rice cultivation
in coastal West Africa, of which 88 were in The Gambia, 183 in

southern Senegal, 530 in Guinea-Bissau, 287 in Guinea and 40 in
Sierra-Leone. This estimate was based on remote sensing combined
with field work and referred to active cultivations. Earlier estimates
gave the total rice-growing area, including fields in fallow. Van der
Kamp et al. (2008) estimated that about half of the total rice extent in
the Casamance in 2007 was actually in cultivation. During our own
field work in the 1980s we did not attempt to quantify how much
of the land laid fallow or was abandoned, but it must have been
less than a quarter. The decline in surface area of rice cultivations
since the 1960s may therefore be smaller than suggested in Fig. 100.
Nevertheless, the rice extent in the 1980s was probably twice as large
as in the early 2000s. Since traditional subsistence rice-growing
systems are time-consuming, a reduction in rice farmers inevitably
causes a reduction in the rice-growing area. As elsewhere in Africa,
people are leaving the countryside in favour of cities. Locally, rural
depopulation is the rule, e.g. in the northern half of the Inner Niger
Delta (Zwarts & Kone 2005a). This must also have been the case in
many coastal rice regions, due to political instability since the early
1980s.

Abandoned rice fields in the tidal zone may transform back into
mangrove or change into bare sand- and mudflats or flats covered
with low saline vegetation of rushes and grasses. Abandoned rice
fields in the rain-fed zone above the high-tide line may convert into
shallow backwaters covered with Water Lilies.

Irrigated rice

Rice needs a lot of water. Rice growing in the Sahel is therefore
something of an anomaly. The climate of the Sahel is obviously
more suited to grow drought-resistant and heat-tolerant millet and
sorghum, as has been the case for centuries. Nevertheless, rice has
become the staple food of people in the Sahel (Chapter 5), made
possible by import and irrigation schemes along the Rivers Senegal,

Prior to planting, women clear the vegetation from the fields with a grub hook that looks like a slender pickaxe (ebaraye in Diola); men use a large

spade (kadiandou in Diola). This system of rice growing is delicately attuned to the restrictions set by local conditions and manual labour.
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Irrigation along Sahel rivers is not only detrimental to natural floodplains, but also to natural forests. The expansion of rice fields in the zone of Office

du Niger in Mali led to widespread clearance of local forests; June 2005. Small-scale clearances are often carried out manually, which may seem less

detrimental at first sight, but, in the long run, results in the same outcome: a man-made landscape with few natural forests.

Niger, Nguru and Logone (Chapters 6-9). The Office du Niger in Mali,
the largest irrigation scheme in West Africa (740 km?), annually
produces 333 000 tonnes of rice (state of affairs in 2001; Wymenga
et al. 2005), being 40% of the national rice production in Mali. It
is the rice granary of Mali with a more or less secured production,
independent of rainfall and river flow, where 250 000 people can
make a living (Bonneval et al. 2002). The down side of the coin is the
extraction of water by Office du Niger from the Niger, before entering
the Inner Niger Delta, limiting - among other things - profitable rice
cultivation on the floodplains. Independent of the river discharge,
Office du Niger takes 2.5 km?® per year, being equivalent to 6% of the
annual flow in a wet year (1995) but as much as 16% in a dry year
(1990). Consequently, due to upstream irrigation, the risk of crop
failure in the Inner Niger Delta has increased, especially in dry
years.

The cultivated rice zone of Office du Niger has expanded, on
average, by 2.3% annually between 1983 and 2001. Water intake has
remained stable over the same period but the yield has trebled to
6 tonnes per ha. Water use has declined from a staggering 45 000
1 per kg rice in the mid-1980s to less than 10 000 1/kg in 2000. The
development plan launched by Office du Niger in 1998 envisages a
further expansion of at least 140-230 km?, but possibly 300-400 km?,
by 2020 (Keita et al. 2002). Given hydrological constraints, this would
only be feasible if the water use per ha can be reduced by another
20%.

Irrigation schemes are normally characterised by rectangular
fields and straight canals, diverting water into smaller canals, and
finally into irrigation ditches amongrice parcels. However, the Office
du Nigeruses former river branches, called fala, to direct water to the
various irrigation schemes. The falas and adjoining forelands have
been turned into permanent wetlands, mainly covered by a Cattail
vegetation of varying density. Cattail also abounds along canals and
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ditches, while the shallow water is covered by Water Lily Nymphea
sp., Water Fern Azolla sp. and Knotweed Polygonum senegalense, and
by recent invaders like Water Hyacinth Eichhornia crassipes (since
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Fig. 101 Average bird density of (A) herons and egrets and (B) passer-
ines as a function of water depth in rice fields. Data collected in Novem-
ber-February 2002-2006, combined for floodplains, irrigation schemes
and coastal rice fields in Mali, Senegal, Guinea-Bissau and Guinea.



Rice farmers use seedbeds to germinate rice seed. Although it takes more time, it prevents seed predation (e.g. by Black-tailed Godwits). The fresh
shoots are transplanted to rice fields where they are planted on bare ridges in the rainy season. Black-tailed Godwits prefer to feed on these freshly

tilled paddies and cause some damage by trampling the tender rice shoots.

the early 1990s) and Kariba Weed Salvinia molesta (since the late
1990s). The overall impression of this irrigation scheme is therefore
more ‘natural’ than of many other schemes.

Birds in rice fields

The bird density in cultivated rice fields has been measured in
floodplains, in irrigation schemes and in the mangrove and tidal
zone (Fig. 99). These data have been used to estimate the number of
waterbirds present in:

- rice fields cultivated in floodplain areas (3300 km? in the Inner
Niger Delta), based on 169 density counts (Chapter 6);

- irrigated rice fields, of which there are 900 km? in Mali (Office du
Niger, Inner Niger Delta, Selingue) and 350 km?along the Senegal
River), based on 933 density counts in Office du Niger (Wymenga
et al. 2005), 432 density counts in Selingue (van der Kamp et al.
2005b) and 113 density counts in the Senegal Delta (Chapter 7);

- coastal rice fields (1130 km?), based on 1308 density counts in
The Gambia, 80 in southern Senegal, 1108 in Guinea-Bissau and
558 in Guinea (Bos et al. 2006).

Altogether, 4701 density counts are available for November-

February, with another 317 counts in July (irrigated rice fields only).

The field work was performed in 2002-2006. The plots measured
0.72 ha, on average (see Chapter 6). For each plot, vegetation type
was noted as well as vegetation height and density, and water level.
The analyses showed that, apart from vegetation type, water level
was the most important variable explaining the variation in bird
density (Fig. 101). For example, herons and Little Egrets prefer a
water depth of at least 20 cm, but Cattle Egrets avoid rice fields with
more than 40 cm of water (Fig. 101A). Sedge Warblers were found in
rice fields with shallow water, which is also the preferred habitat of
Yellow Wagtails, but the latter can also be observed in dry fields and
in rice standing in deep water (Fig.101B). Waders typically reached
their highest density (4-6 birds/ha) in shallow water.
Only 6% of rice field plots in the floodplains were dry in November,
but this gradually increased to 35% in January and 62% in February.
The trend is the same in the coastal zone, although less marked:
from 6% in November, to 16% in December, 32% in January and
38% in February. No such trend is visible in irrigated fields: between
November and February 50% of the plots were dry (but only 24% in
July). Deep water is rare in rice fields: less than 1% of the plots had
a water depth of more than 80 cm, and only 3% of 40-80 cm. In the
analyses, we lumped the 1387 counts of dry rice fields and 3321
counts of humid and wet rice fields.

The density of waterbirds averaged 11 birds/ha in wet coastal
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Table 17 Average bird density per ha in three types of rice fields, either
dry or wet (= humid or covered by water), between November and Febru-
ary 2002-2006 (see also Fig. 101). Average values with a high standard
error (SE, > 60% relative to mean) are marked red and values with a low
SE (<30% relative to SE) are marked green; the category between has no
colour. Number of counts given in the bottom line.

Floodplain Irrigation Coastal

Birds per ha Wet  Dry Wet

Grey Heron 0.037 0 0.015 0 0.158  0.042
Black-headed Heron 0.302 0 0.003 0 - 0.061 0.030
Purple Heron 0.031 0  0.001 0.002 | 0.052 0.012
Squacco Heron 0.060 0 0293 0.006 I 0.700 0.212
Cattle Egret 3.060 1.801 2.613  0.927 I 1421 1.047
Little Egret 0.040 0 0.130 0 I 0.630 0.080
Intermediate Egret 0.006 0 0.258 0 - 0.022  0.006
Great Egret 0 0 ' 0.022 0 | 0.189 0.055
Green-backed Heron 0 0 0 0 - 0.228 = 0.017
Hamerkop 0 0 0.062 0 | 0.093 0.030
African Jacana 0.131 0 0.167 0 - 0.181 0
Black-winged Stilt 0.513 0 0277 0 | 0.186 0

0.384 = 0.248 1.652  0.466 0.742  0.272

Spur-winged Lapwing

African Wattled Lapwing | 0.012 0 0589 0083 | 0378 0429
Little Stint 0.658 0 0.147 = 0.002 - 0.010 0
Green Sandpiper 0 0 0.015 0 - 0.070 0
Wood Sandpiper 0.937 0 3.668 0.001 | 0.618 0.006
Common Greenshank 0.061 0 0061 0 I 0300 0.015
Ruff 531 0 0.182  0.149 - 0.226 0
Spotted Redshank 0.060 0 0 0 - 0.095 0
Common Sandpiper 0 0 0.023 0.001 | 0371 0.034
Crested Lark 1379 0.104 0.261 ' 0.429 - 0.030 = 0.016
Yellow Wagtail 2409 2194 8784 1522 | 2767  0.41
Sedge Warbler 0 0 0 0 - 0.298 0
Zitting Cisticola 0.759 © 1.273 0138 | 0.218 | 0.933 0.764
Other species 3.493 0.049 0414  0.033 : 0436 0157
Total 19.641 5.670 19.781 3.852 - 1.235 3.638
N 12 31 598 560 - 2332 718

rice fields, but only half as much in dry rice fields (Table 17). Such
densities are in the same order of magnitude as in floodplains and
irrigated rice fields. The species composition was about the same in
thevarioustypesofrice field, butdensitiesvaried relative to presence/
absence of water and type of rice field. The most ubiquitous species
across all types of rice field was the Yellow Wagtail. In coastal and
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Table 18 Average bird density per ha rice field in Sahelian irrigation
schemes in November-February (gradual desiccation of rice fields) and in
July (at the end of the dry season). A selection is made of species present
in July. Average values with a high standard error (SE, > 60% relative to
mean) are marked red, values with a low SE (<30% relative to SE) green;
a high SE indicates poor reliability of the figure). Number of counts given
in the bottom line.

Species Nov-Feb  July
Purple Heron 0.002  0.005
Great Egret 0.012 0.125
Cattle Egret 1852 0.189
Squacco Heron 0.154  0.480
Green-backed Heron 0.000 = 0.190
African Jacana 0.086 2.155
Spur-winged Lapwing 1077 0.742
African Wattled Lapwing 0.344 0.051
Total 3.691 3.977
N 160 318

irrigated rice fields, Yellow Wagtails were common in wet habitats,
but scarce when rice fields had dried out. On the floodplains,
however, Yellow Wagtails abounded in dry rice fields as well. Here,
the flies accompanying grazing cattle offer plenty of food for Yellow
Wagtails (Chapter 6).

When rice fields successively dry out in the course of the northern
winter, waterbirds may concentrate in the remaining wet areas
(unless they depart). Indeed, densities of Cattle Egrets and Squacco
Herons, for instance, doubled between November and February.
On the other hand, most Wood Sandpipers left the rice fields in
the course of the winter months. The density of Yellow Wagtails,
however, remained similar in wet rice fields between November and
February.

The concentration of waterbirds in the few remaining water-
logged areas can also be illustrated by comparing irrigated rice
fields in November-February with those in July, at the end of the dry
season (Table 18). The density of African Jacanas, for instance, was
25 times higher in July than in winter. Higher densities in July were
also evident in other species, even in Purple Herons and Squacco
Herons, whose numbers are boosted by an influx of Palearctic birds
in November-February. Neither Cattle Egrets nor lapwings showed
higher densities in July, presumably because these species are not
dependent on water to feed. For most waterbirds though, irrigated
rice fields are among the very few wetlands available in the Sahel at
the end of the dry season.

Compared to floodplains and irrigated rice fields, coastal rice
fields showed relatively low bird densities in combination with a



Farmers, or rather their children, spend much time in crop protection, notably when harvest time is approaching and the ripening rice grain consti-

tutes an attractive food source for seed-eating birds, such as Village Weavers (and many other species). Shouting, catapults, slings and other contrap-

tions... the resourcefulness of rice farmers in protecting their crop almost defies description.

high bird diversity (Table 17). Coastal rice fields are interspersed
with fallow land, and adjoined by mangroves, vegetated upper tidal
flats and ponds with aquatic vegetation. This mix of habitats attracts
many more species than those typical of rice fields proper (such as
Sedge Warblers). Moreover, rice fields are used as high tide roosts by
birds feeding on tidal flats during low tide; conversely, mangroves
function as breeding and roosting sites for birds feeding in the rice
fields. The whole is more than the sum of the parts.

The densities given in Table 17 may be used to estimate the
numbers of birds present in the three types of rice fields. The
irrigated rice fields in the Inner Niger Delta measure 140 km?, those
on the floodplains 2000 km?. Given these multipliers, we estimate
that the total number of Yellow Wagtails inhabiting these rice fields
varies between 460 000 (when dry) and 600 000 birds (when wet).
The difference is much larger for the other species (Table 17). Given
the gradual decline in the surface area of wet rice fields from 94%
in November to 36% in February, a decline of bird numbers present
on rice fields is to be expected. Later in the winter season most
waterbirds get concentrated in bourgou fields, which remain covered
by water for much longer (Chapter 6). The numbers calculated to be
present in the irrigated rice fields of Office du Niger (550 km? + 130
km? in the immediate surroundings) and in the coastal rice fields

(1120 km?) amount to 0.73 and 1.16 million respectively (Table 19).
The figures should be read with caution, as standard errors are quite
large. Our estimate of 76 000 Black-tailed Godwits, for example,
must actually be read as 33 000 - 119 000. The reason for this wide
range is that Black-tailed Godwits feed in flocks. The species was
encountered in only 20 plots, meaning that 99% of the counts were
devoid of Godwits. Estimates based on density counts are much
better for species which feed scattered across the area. The error of
estimate is, for instance, only 8% in Yellow Wagtails.

Rice fields a substitute for natural wetlands
in the Sahel?

The high bird numbersinrice fields (thatis to say: if wet) mayindeed
suggest an ecological compensation for the loss of floodplains.
However, such a conclusion should be interpreted with caution. As
discussed by Wymenga et al. (2005), rare and endangered species
are completely missing among the birds feeding in cultivated rice
fields (see also Table 19). Floodplain loss affects a much wider
range of bird species. In the Inner Niger Delta, for example, the
construction of the Selingue dam and the irrigation scheme of Office
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Box 13

Rice fields as a substitute
for natural wetlands:
a European perspective

The value of rice fields as a substitute for natural wetlands in south-
ern Europe has been studied by Fasola et al. (1996), Fasola et al.
(1996) and Sanchez-Guzman et al. (2007). They conclude that rice
fields are an important feeding area for herons, duck, waders, gulls
and terns. In several lowlands and deltas, rice fields constitute the
only feeding habitat left for waterbirds, since 80-90% of the origi-
nal Mediterranean wetlands have been lost. There are still many
natural wetlands in the Camargue, beside extensive rice fields. This
offered the opportunity to compare habitat choice of waterbirds
if both wetland types are available (Tourenq et al. 2001). Natural
marshes attracted many more birds of a greater variety than rice
fields. Where rice had been cultivated for longer time periods, even
fewer birds were present due to the negative impact of soil man-
agement and pesticides (Toureng et al. 2003). On the other hand, as
natural marshes are mostly flooded in the winter months, flooded
rice fields may offer alternative feeding grounds during the breed-
ing season and during migration perods, especially in dry years. Rice
fields in southern Europe may also be kept flooded during the win-
ter months to facilitate shooting ducks and other waterbirds which
feed on spilt rice on harvested fields. Black-tailed Godwits, returning
from Africa in January, use the rice fields in Portugal and Spain for
some weeks as a refuelling station. During this short stay, their diet
consists entirely of spilt rice (Chapter 27).

du Niger resulted in the loss of 12% of the wintering waterbirds (but
calculated to increase to 44% if the proposed Fomi dam comes into
existence). The newly created irrigation zones compensated for a
tiny fraction of these losses (Wymenga et al. 2005: 217), i.e. slightly
more than 12% (but declining to a mere 4% with the Fomi dam).
The extent of West African mangroves has not declined much in
recent decades, except in southern Senegal during the drought in
the 1980s (Bos et al. 2006), but the cultivated rice area in the coastal
zone seems to be in decline, although trends differ throughout the

Coastal rice fields attract a variety of large waterbirds, such as locally
breeding Sacred Ibis and African Spoonbills (above). Without exception
heronries are in the highest trees, relatively safe from human predation.
The African Spoonbills nesting on Ilha de Papagaios, Bissau, also breed
on huge trees (centre); to take this picture, one must have a good head
for heights and no fear of Green Mambas or other venomous snakes
which are particularly abundant in heronries. The high trees in Bissau,
Ziguinchor and other West African towns close to coastal rice fields also
harbour large colonies, for example, of African Darters and Great Egrets
(shown on picture below; Ziguinchor, September 2007).



Table 19 Estimated total number of waterbirds present in the rice fields of Office du Niger (and other irrigated rice

schemes in the immediate surroundings; 680 km? Wymenga et al. 2005) and in coastal rice fields (1120 km? Bos et al.

2006) in November-February.+ = species present but estimate not reliable (standard error >60% relative to the mean).

Office du Niger Coastal rice

Species total SE

Long-tailed Cormorant 2927 876
Grey Heron 702 347 EOS 5326
Black-headed Heron EOS 1709
Purple Heron EBQ 191
Great Egret ESZ 4453
Intermediate Egret 5806 3214 333 611
Little Egret 2019 951 ?961 13435

149257 21729

Cattle Egret 84295 19897

Squacco Heron 4903 1706 65547 9640
Green-backed Heron %12 11831
Hamerkop + _8731 1835
Sacred Ibis _445 257
White-faced Whistling Duck _9775 5277
African Jacana EE?O 5478
Lesser Jacana _506 329
Black-winged Stilt 12189 4621 TE)B 3329
Collared Pratincole 763 4565 _1527 736
Painted Snipe ?04 665
Spur-winged Lapwing 87336 21612 ESAL 10190

43684 8608

African Wattled Lapwing

White-headed Lapwing 3746 2545
Common Ringed Plover 4270 1316
Little Ringed Plover 1632 1067

region (Fig. 100). The bird numbers estimated for the coastal rice
fields (Table 19) are based upon a surface area of 1120 km? i.e.
probably half of the area available in the early 1980s. Large losses
would have dire consequences for migratory birds wintering in
sub-Saharan coastal rice fields, such as West European Black-tailed
Godwits (Chapter 27). African bird species may suffer as well, such
as, for example, Black Crowned Cranes, which are still present in
relatively large numbers (Beilfuss et al. 2007).

Office du Niger Coastal rice
Species total SE
Spotted Redshank 8140 3800
Marsh Sandpiper 1336 859
Common Greenshank + 26109 4864
Green Sandpiper + 5951 1838

Wood Sandpiper 82082 18312 53105 6987

Common Sandpiper 32676 3340
Common Snipe 2058 1078 21369 3207
Little Stint + 855 468
Ruff + 19382 727
Black-tailed Godwit 76008 43249
Pied Kingfisher 7961 1814
Yellow Wagtail 398082 88986 247708 19868
Red-throated Pipit 844 588
Plain-backed Pipit 1684 2122
Yellow-throated Longclaw 5552 2017
Sedge Warbler 25531 13034
Savi’s Warbler 901 487
Bluethroat 931 506
Crested Lark 27155 8747 3000 1032
Zitting Cisticola 9933 3014 100047 9873
Prinia sp. 3222 1736 230 145
Total 732019 @82

Number of counts 76 3051

Conclusion

Rice fields, especially when wet, constitute an important habitat
for wintering Palearctic birds. The species composition is not very
different in rice cultivated on floodplains, in irrigation schemes
or in coastal rice fields in the mangrove and tidal zone. Coastal
rice fields harbour a larger variety of species than the other types
of rice fields, and this is associated with the proximity of tidal flats
and mangroves. At the end of the dry season, in July, irrigated rice
fields offer water in an otherwise largely desiccated Sahel. Large
numbers of waterbirds are then concentrated in this man-made
habitat. Most bird species in irrigated rice fields belong to the (very)
common species. Conversion of natural floodplains into irrigated
rice fields results in declining bird numbers, as the creation of new
habitat (rice fields) only partly compensates for losses incurred in
floodplains.
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The wetlands in the Sahel have much in common, but they also
differ in several important respects (Chapters 6-11). The differences
mainly depend on flood dynamics and whether or not natural
resources are exploited by local people. The timing and extent
of flooding have been substantially altered by the creation of
reservoirs in rivers responsible for the flooding of the Senegal Delta,
Hadejia-Nguru, Logone and Inner Niger Delta (Fig. 102). Flooding
and human exploitation have an impact on vegetation and fauna,
including birds.

Floodplainsize The sevenwetlands described in the previous chapters
nicely illustrate the various fortunes of flooding, vegetation and bird
life in the past decades (Fig. 103). A comparison of maximal flood
extent(Fig.103A)inthe 1960s and 2000s shows thatthe Sudd became
the largest wetland in Africa, after some years with an extremely high
discharge of the White Nile in the mid-1960s (when flood extent
more than tripled in just four years). It took over 30 years before the
Sudd was back again at its pre-1960s size of 10 000 km?. Lake Chad,
on the other hand, measured about 25 000 km? before 1973, but has
been about twice as small since then. The flood extents of the Inner
Niger Delta, Hadejia-Nguru, Logone and Fitri showed large annual
fluctuations in response to variations in rainfall and river flow, but
- with the exception of Lake Fitri - were also permanently reduced
in size due to the construction of hydrological infrastructures
upstream. The annual flood extent in the Senegal Delta varied even
more thaninthe otherfloodplains: between 500 and 3500 km?before
the mid-1960s (still a natural river system) and between 250 and 500
km? since 1990 (dikes and dams have gradually reduced floodplain
size). Without the artificial flooding of the National Parks Djoudj
and Diawling, flood extent would have been reduced by another
200 km?. All together, the Sahelian floodplains and lakes lost more
than half of their surface area between the 1960s and 2000s, mainly
due to reduced rainfall, but also exacerbated by the construction of
dams and dikes. Floodplain loss in the Waza-Logone, resulting from
the implementation of an irrigation scheme, was partly rectified by
reopening the dike, which enabled reflooding of some 200 km?.

Water column The depth of maximum flooding is highestin the Inner
Niger Delta, varying from 4-6 m. The Hadejia-Nguru held up to 3.5
m of water before upstream reservoirs started to reduce floodplain
size. The taming of the Senegal River substantially reduced the
annual fluctuation of water level in the Senegal Delta, from 3.5 m to
0.5 m. In contrast, the seasonal variation in water level trebled in the
southern basin of Lake C